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RIGHT HONOURABLE AND HONOURABLE 


T R UI T1800 
INLAND NAVIGATION. 


Right Honourable and Honourable GENTLEMEN, | 


H E following Sheets tranſlated at leiſure, " 
* having been perus'd by ſome Noblemen _ 
and Gentlemen, to whoſe Judgment I pay the 3 

_ utmoſt Deference, who are of opinion, that the 
Publication of them would be of great Service 
to this Kingdom, I beg leave to offer them to the 


A 2 Public 


* Wy. REO 


DEDICATION. 
Public under your. Protection, as the moſt 


proper Patrons of ſuch a Work; without any 


other View, than the 'SatisfaQtion of ng . 
thought uſeful. - 


I am, with the greateſt Reſpect, 
Right Hon. and Hon. GrNnTLEMEN, 85 
Vour moſt humble, 


Doslix, 


and moſt obedient Servant, 
1 July, 1763. A | | | 


2 FYALLANGETY, ENGINEER. 


2 . 
n 


p R E * A 


\OMMERCE, ſays Mr. Rollin, is the moſt ſolid 
Foundation of Civil Society, and the ſureſt means 
of uniting Mankind, even the Inhabitants of the moſt 
diſtant Countries; by Commerce, the whole World in a 


manner becomes one ſingle Family: the Riches of each 


Nation become common, and the barrenneſs of a native 
Soil is ſupplied by a Plenty of foreign Produce, which 


Nature bas denied to particular Climates. 


All. Nations agree, that Commerce is the only means 
to render a State Houriſhing and formidable to its Neigh- 


| bours, in facilitating its Conqueſts: and ſince by foreign 


Navigation it procures ſo - great Advantages, it is natural 
to infer, that by INLAND NavicaTion it muſt produce, 
in ſmall, the ſame Effect; which may be done, by mak- 
ing all the Rivers Sigel and joining them by Canals, 
thus eſtabliſhing a general Navigation, by which each 
Province with its ſuperfluity may purchaſe that of another, 


and each be reciprocally furniſned with all Neceſſaries and 


Commodities. 
_ CanaLts 


—ͤñꝓ— — > — 


ee. 


Caxals render Carriages and Beaſts of burthen leſs 
neceſſary, they may be far better employed in Tillage and 
Agriculture: it is by Canals that dry and barren Grounds 
are fertilized, and marſhy and watry Grounds are drained ; 
it is by them that ManufaQtures require fewer Hands and 
leſs Expence, it is by them that Traffic can animate all 
parts of a State, and procure plenty and happineſs to the 
People, and thus extend a Sovereign's Power. 


is fine, by Canals we can readily be ſupplied with 
Grain, Forage, Fuel, Materials for Building, and in one 
word, all heavy Materials, which remain of little Value 
18 or 20 Miles. from the Place they are wanted, becauſe 
of the great Expence commonly attending Gor tranſ- 
portation by Carriages, &c. for one Barge of a reaſonable 
Size, worked by ſix Men and drawn by four Horſes, | can 


tranſport 70 or 80 Tons, which Weight by any other 


Carriage, would have required 200 Men and near 400 
Horſes. But it is needleſs to relate Facts ſo well Known, 
ſince we may be daily informed of the Truth, if we caſt 
our Eyes on the immenſe eee carried on by Canals, 

Holland, France and Italy. 


3 of navigable Canals and Rivers, is one 0 the 


Marks of good Policy e in which reſpect, | 


Italy, 


Ttaly, the Netherlands and France, but ef; rocially China, 


abound as much as HE and Ireland are defective. 


We have but one a Canal in England and 
that made by other people and ſuffered to decay by our- 
ſelves. By this I mean the antient Canal from the River 
Mine, a little below Peterborough, to the River I ytham, 
three miles below Lincoln, called by the modern .Inha- 
bitants Caerdike ; which may be ranked among. the mo- 
numents of Roman Grandeur, though tis now moſt of 
it filled up. It was 40 miles long; and ſo far as appears 
from the Ruins muſt have been very broad and. deep: 
ſome Authors take it for a Daniſb Work: Morton will 
have it made under the Emperor Domitian. Urns and 
| Medals have been, diſcovered on the Banks of this Canal, 


which ſeem to confirm that opinion. Mort. Nat. Hiſt. 
Northampton, c. IS. Mem. de Trev. an. 1 714. P. 846. 


Tux Canal ot Hep called allo the Samar ef the 
two Seas, as ſerving to join the Mediterranean Sea and At- 
lantic Ocean, was firſt propoſed under Francis I. but be- 
gun and finiſhed under Lewis XIV. By means of it, 
a ready Communication is made between the two fertile 
Provinces of Guyenne and Langucdic. This Canal is 64 
Leagues long, and has 104 Locks, but what is moſt ex- 
traordinary is, that in ſome Places for a mile together, 


a Paſ- 


At. Marit. p. 55. eg. 


ner c E 


a Paſſage is dug for it through the Rock; the Expence 


was 13 Millions of Livres, of which the King contributed 
7 Millions, the Province of Languedoc the reſt. Savare 
Dict. Comm. Supp. p. 110. ſeq. At. Marit. p. 67. 


Tur Canal of Briere, called alſo the Canal of Bur- 


gundy, makes a Communication between the Loire and 


the Seine, and fo to Paris; to the great Advantage of 
all this part of France, and even to Burgundy itſelf. 


— 


Tus Canal of Orleans was 5 begun 1 in 1675, for eſta- 
bliſhing a Communication between the Seine and the Loire, 
it is conſiderably ſhorter than that of Briere, having but 
20 Sluices. . 


Tae Canal of Bourbon was but lately undertaken ; its 
defign being to make a Communication from the River 


Oiſe to Paris. Savar. Die. Comm. & 18 Br 110. l. 


At. Marit. p. 67. 
Taz Canal of Picardy 3 is only Gniſhed fromthe River 


Somme to the River Oiſe, from thence it was deſigned to 


have been carried on to Amiens, from which Place it is na- 
vigable to St. Yalleroy : this latter 8 was e at 
2,500,000 Livres. 7 FL 

Tur 


— 
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Tur Canal of the Lake Ladhga, cut from Voltowa to 


the Neva, whereby a Communication is made between 


the Baltic, or rather Ocean and the Caſpian Sea, was 


begun by the Czar Peter I. in 1719 ; by means of it the 
Engliſh and Dutch Merchandize are readily and eafily 


conveyed into Perſia, without being obliged to double 
the Cape of Good Hope. There was a former Canal of 
Communication between Ladoga Lake and the River 


Molga, but the Navigation was ſo dangerous that a new 
one was reſolved on. Tourn. des. Scav. T. 82, p. 401. 


New Mem. of Lit. 7. I. p. 3 wp 


Tae Canal of Egypt, for a Communication between 

the Mie and the Red Sea was begun, according to He- 
rodotus, by Mecus, Son of P/ammeticus, ( Herodot. lib. 2.) 
Diodorus and Strabo relate that it was reſumed by Ptolemy 
Philadelþhus, others will have it compleated by Darius, 


Son of Hyſtaſpes. Died. Sic. bibl. J. 1. Strab. Rer. Geogr. 
L. 4 | 


"Thi great Cant of China is one Ge the wonders of 


Art, made about 800 Years ago. It runs from North to 
South, quite croſs the Empire, beginning at the City 
Canton, By it all kinds of foreign Merchandize entered 


at that City are carried. directly to Felin, a diſtance of 
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825 Miles. F. Magellaine m Is, there is a Paſſage 
from one End of China to the other, the Space of 600 
French Leagues, always either by Canals or Rivers, Xx 
cept a ſingle Day's Journey by "= neceſſary to crols x 
Mountain, an Advantage which this Jeſuit, who made the 
Voyage himſelf, obſerves, is not to be found in any other 
State in the Univerſe. De Magellaine Nouv. Relat. de la 
Chine, c. 8. But of all theſe we ſhall n more at ry 
in the Salo rims © k. 


Ws allo read of divers Projett and Undertakings of 
Canals which were never atchieved. Demetrius Poltor- 
cetes, Julius Cæſar, the Emperors Caligula and Nero, 
attempted in vain to cut through the Iſthmus, whereby 
Peloponeſus is joined to the reſt of Greece, and make a 
Canal of Navigation between the Ionian and * Seas. 
Plin. Hit. Wat. 1. 4. c. 4. NT 

FTis commonly alegged that ſeveral Attempts have 
been made to cut the Iſthmus, which ſeparates the Me- 
diterranean from the Red Sea. But this ſeems to be a 
popular Error arifing from. a miſtake of the Place where 
the Canal was to have been cut. Kircb. Oedip. Egypt. 
Synt. 1. c. 8. | 


Saleucus Manor had a deſign to make 4 Canal be- 
tween the Euxine and Caſpian Seas. 


Lucius 
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Lucius Verus, who commanded the Roman Army in 
Gaul under Mero, attempted to make a Canal between 
the Maſelle and the Rhine. | 


A New Canal for CEN the Waters of the Nile 


from Athiopia into the Red Sea, without paſſing into 
LEgypt, was projected by Albuquerque, Viceroy of India 


for the Portugueſe, in order to render /Zgypt barren and 
unprofitable to the Turks. Beeman. Hift. orb. terr. p. r. 
c. 3 and 5. 


Tur Spaniards have ſeveral times had in View the 
digging a Canal through- the Iſthmus of Darien, from 
| Panama to Nombre de Dios, to make a ready Communi- 
cation between the Atlantic and the South' Sea, and thus 
afford a ſtrait Paſſage to China and the Eaft Indies. 
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, Wa AE LEN | | 
I. Of Rivers in regard to their Depth, Breadth and Pall. 
II. Of the Action of the Water on the Beds of Rivers, | | 
and the Cauſes of Shoals. III. Of the Means of re- | 
moving Shoals by Break Waters. 


HE modern Philoſophers endeavour to bring the 5 
Motion and Flux of Rivers to preciſe Laws, 

and with this View have applied Geometry and 
Mechanicks thereto ; ſo that the Doctrine of RiFers is 

become a Part of the new Philoſophy. © | 


i \ 


2 þ ä Chap. 1. 


Taz Italian Authors have diſtinguiſhed | themſelves 
herein, and it is chiefly to them we are indebted for the 
| Improvement, particularly Signore Guplielmini, who in his 
Treatiſe della Natura de Fuimi, has abundance of ne- 
Obſervations and Diſcoveries relating thereto ; this Gen- 
tleman was firſt Mathematician to the Univerſity of Bou- 
Agne, and died in 1710, it is from his Writings and thoſe 
of Famien Michelini, Engineer to the Grand Duke of 
Tuſedhy, that this firſt Chapter is chiefly taken. 


en = L\RIVERS uſually have their Sources in Mountains 


the cauſe of 


be natural ve- Or Elevations of Ground; and it is in their deſcent from 


locity of Ri- 


+ ves. = theſe, that they acquire the Velocity, or Acceleration which 


maintains their future Current: in proportion as they ad- 
vance further this Velocity diminiſhes, by reaſon of the 
continual Friction of the Waters againſt the Bottom and 
Sides of the Channel, of the various Obſtacles they meet 
in their Progreſs, and of their arriving at length in Plains, 
where the Deſcent is leſs, and their inclination to the 


- Horizon, of conſequence greater. 


The Pele 2. Ir the acquired Velocity be quite ſpent, 1 1 AV | 
* the many Obſtacles; ſo that the Current becomes hori- 


gu de zontal, there will then nothing remain to propagate the 


en, Motion and continue the Stream, but the depth, or per- 


| * preſſure \of the OE; which is always pro- 
Portional 
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portional to the depth. And happily for ws this PER | 


increaſes, for in proportion as the Water loſes of the Ve- 


locity acquired by the deſcent, it riſes and augments in 


depth, and this is the reaſon that Rivers run with greater 
ra pidity 1 in time of Floods than in dry Seaſons, particu- 
larly in the narroweſt Places; hence alſo ariſes the neceſſity 
of making Jetty-Heads to the Channels of . as 
52 be p hereafter. 


3. Tur difference of Velocity in the Stream of the 
ſame River, ſays Varenius, may be cauſed, by the irre- 


* 


« the Fountain, by the Deelivity of the Channel, or the 


gularity of its Sides and Bottom, by the Altitude of Cauſewhythe 


ſame River ac- 
quires differ- 


ent degrees of 


“ Depreſſion of the Mouth of the River, for if the Chan- rapidity in ſe- 
“ nel be depreſs'd one pace in five hundred, the Current 


veral places. 


is fo rapid, that the Navigation becomes dangerous; 


« and by the narrowneſs of the Channel. and the abun- 


5 dance of Water, as where a River runs between two 


« Mountains or Forelands.” 


Hence the upper Parts of the Water of a River, and 
thoſe at a diſtance from the Banks, may continue to flow 


from the fingle cauſe or principle of Declivity, how ſmall 
ſoevef it be; for not being detained by any Obſtacle, the 


minuteſt difference of level will have it's Effect; "Ma the 


lower Parts which roll along the Bottom, will Cows be 


B 2 | ſenſible 


AF : 


_ 0 RIVERS Chap. I. 


ſenfible of fo ſmall a Declivity, and will only have what 
Motion they receive from the preſſion of the ſuperincum- | 
bent Waters. | 


"Das the e in the Motion of a River may 
be infiaitely varied, nor can any Rules be given exactly 
to ſettle them. — To aſcertain their general Courſe, all 

Irregularities muſt be ſet aſide, and only the general Te- 
nor, or Flux be conſidered : the Methods of meaſuring 
the Quantity of Water a River or ae affords, we ſhall 
treat of. in, 6th Chapter. j 


4 


* 5 5 Tur tur Viſcidity. and Cohefing: of the Pati- 
3 cles of Water, and that implication, as it were, which 

eu. they ſeem to have with one another makes the lower 
wards th "which are moved by Means of the Depth, carry along 
with them, the upper, which in a horizontal Channel 
would have no Motion at all, or in a Channel very little 
inclin'd, next to none. So that the lower Particles in 
this Caſe, communicate. to the upper, a part of the Mo- 
tion they have received from the preſſure of it; hence it 
frequently happens that the greateſt Velocity Xt a River, 
is about the middle of its depth; ſuch middle Parts hav- 
ing the Advantage of being preſs d with half the depth 


of the W - and of being free at Bars lame time from 
1 the 


Chaps. o \ RIVERS — 
the Friction of the Bottom: * but to find whether the Method to 


know whether 


Water of a River almoſt horizontal, flows by means of the velocity is 
cauſed by the 


the Velocity acquired in its Deſcent, or by the preſſure ig of 
its Depth; ſet up an Obſtacle perpendicular thereto ; 1 foy So 
the Water riſes and ſwells immediately, againſt ſuch Ob-depm. 


ſtacle, it runs in Virtue of its fall, or if it * a little © 
while, in virtue of its nen. 55 


5. Ir is 4 miſtaken es that Rivers owe their Ve- eg 
locity entirely to their Declivity, or the fall of their Bot- eke 


55 - . of their beds 
toms, no one having as yet determined how much this «ftv 


fall ſhould be, though many Authors have treated of it, o. 


* Tt has been obſerved, ſays Mariotte, from Weeds carried along by the 
Water, that thoſe within the Water, and neareſt the Bottom, being advanced 
farther than thoſe of the Surface, were ſoon overtaken, and left behind by 
the upper ones; and if upon the ſame Stream a handful of great ſawings or P 
heavy Wood was caſt, that went ſome ſooner to the Bottom than others ; it 
was always found, that thoſe that ſwam nearer to the top, went before the 
others in a proportional Order, as they were more or leſs diſtant from the 
Bottom : from which Experiments it appears, that Rivers or Streams that run 
free by the upper Part of the Water, go faſter than that in the Middle, and 
the Middle faſter than that at the Bottom; but in thoſe that are conſtrained 
to paſs in a narrow Channel, (being kept in on both Sides) the Middle goes 
ſwifter than the Surface, if there be but two or three Feet deeper Water. 
But Grave/ande, (upon the Foot of Sir I/aac Newton's Principles, and from 
his firſt Law of Nature, which relates to Motion) aſſigns other Methods of 
Motion to Water running in Streams and Rivers, ſuppoſing Water to run in 
a regular Channel, without any ſenſible friction, and that the Channel is ter- 
minated with plain Sides, that are parallel to one another, and vertical; and 


alſo that the Bottom is a plane, and inclined to the Horizon. 
yet 


of RIVERS. Chap. 1. 


f. 


- tall diſagree. Our Eyes convince us, it is ſufficient 
| 5 the Surface of the Water be higher at the Place it 
flows from, than that it flows to: thus the Reno a River 
i Italy, i is found near its Mouth to have ſcarce a Deſcent 

N .of 82 Seconds. 
4 


9 6. FROM Phat has been ſaid theſe general Maxims may 
the foregoing. be drawn. Firſt, That the Velocity or Rapidity of the 
Current, is cauſed by the declivity of the Bed, and the 
OR depth of the Water. Secondly, That theſe two Cauſes 
. do not operate equally together, but in proportion to that 
which has the greateſt force. Thirdly, That they may 
both operate in the ſame Section; ſo that the Velocity 
of one Part may be owing to the Declivity, and the other 
= to the Depth. F ourthly, That in Rivers which have lit- 
1 | tle fall, the Velocity is chiefly cauſed by the depth, and 
"Dy the contrary. Fifthly, That the Declivity is not always 
= to be eſtimated by the Velocity. Sixth and laſtly, That 
'H | | the Velocities of the Water in any two vertical Sections of 
a River or Canal, are reciprocally as the Areas of theſe 
Sections; for, the Quantity of Water running through one 
in any given Time, is conſtantly equal to that which runs 
through the other in the ſame Time; otherwiſe the Water 
would riſe in one Place, and fall in another, which is con- 


trary to experience. 


II. 7. R *. 
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1 7. RIVERS almoſt always make their own Beds, Rivers make 
for if the Bottom have originally a large Declivity, the beds WIT 
Water in conſequence thereof falling with a great Force, 

will have ſwept away the moſt elevated Parts of the Soil, 

and carrying them lower down, will gradually render the 
Bottom horizontal; where the Stream is ſwifteſt, there will 

the Earth be moſt dug up, and conſequently there the 
greateſt cavity will be made. 


Tun Water having made it's Bed horizontal, becomes 
ſo itſelf, and conſequently rakes with the leſs force againſt 
the Bottom, till at length that Force becomes only equal 
to the Reſiſtance of the Bottom. The Bottom is now 
arrived at a State of Permanency, at leaſt for a conſider- 
able Time, and the longer, according to the Quality of 
the Soil: Clay and Chalk reſiſting longer than Sand, or 
Mud. | | | 


8. To determine, 1 in what Manner the Water of a Ri- Demon 


n of 
ver acts on it's Bottom, let us ſuppoſe one perfectly ſtraight, mane wat 
. . . a n the 
having every where the ſame breadth and depth, and its beuem of the 
River to form 
fall uniform and regular, without inclining towards ONE the bed. 
Side more than the other, then, ſuch a River, is ſaid to 
be in a permanent State we muſt next conſider that a 
| River has two Motions, one ariſing from the Declivity, 
and the other from the Preſſion of the ſuperincumbent 


Waters, 


8 „ R Chap. I. 


Plate I. i Waters, let therefore the Line A B Plate I. fig. 1. be the 155 


Surface of the Water, running from A to B, and let C 
D be the Bottom, conſequently the d eee E F will 
expreſs the Preſſure of the Water; but let the perpendi- 
cular be prolonged, ſo that E I be equal to the height 
a Body muſt fall, to require a Velocity equal to that of 
the River; then making E G equal to E I, and drawing 
the Parallelogram E F H G, the Diagonal E H, will ex- 
preſs the Force with which the Water acts on the Bottom 


of the River. 85 


Ales of the 9. ON the other Hand, the Water 1s beste gnaw- 


water on the. 


dees of the ing and eating off the B of the Channel; and this 


Ri | 
with the more force as by the Direction of the Stream, 


it impinges more perpendicularly againſt them. By this 


Means it has a continual tendency to render them paral- 

lel to its own Courſe; and when it has arrived as near 
that as poſſible, it ceaſes to have any Effect that way. At 

the ſame time that it has thus rectified its Edges, it has 

© enlarged its own Bed, that is, has loſt of its depth, and 
- conſequently of its force and preſſure ; this it continues 
to do, till there is an Equilibrium between the force of 


the Water, and the reſiſtance of its Banks, upon which 


they will remain without further mutation And it is evi- 
dent from experience, that theſe Equilibriums are all real, 
inaſmuch as we find, that Rivers oy dig and widen to a 


certain * 
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ſon of the obſcureneſs of the Motion, to form new Banks. 
Now, theſe oppoſite Effects ſeem almoſt always to concuf, 


ces; whence it is very difficult judging of the reſult. Yet 

muſt this combination be known very accurately, before 

any MeaſureFcan be taken about Rivers, eſpecially as to 

the diverting their Courſes. The Lamona which emptied Caſe of the 
itſelf into the Po, being turned another Way to make it ua in Ital. 

diſcharge itſelf into the Adriatic, was fo altered, and its 
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Ah . whoſe Waters are thick and muddy raiſe Tie very re- 

their Bed by letting Part of the heterogenous Matters Pe Snakes = 3 
tained 1n them fall to the Bottom ; they alſo contract their 8885 
Banks by a continual appoſition, of the ſame Matter jn 

bruſhing over them ; this Matter being thrown aſide far 


from the Stream of the Water, . might even ſerve, by rea- 


and are differently combin'd, according to the Circumſtan- | 


wer 


force ſo far diminiſhed, now that its Waters were left to 
themſelves, that it 4 0 its Bed a gteat Height, by con- 
tinual depoſitions of Mud, till it became much higher than 
the Ps, in its utmoſt accretions, and needed very high 


Banks or Dykes, to keep it from ah 


1 A little River may UE received into a 11 2 One ot Riven 
without either augmenting it's width or depth; this ſeem- — 
ing Paradox ariſes hence, that the addition of the little 


River may only go towards moving the Waters before at 


reſt, near the Banks of the large One, and thus augment- 


C ing 


1 
1 
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ing the Velocity of the Stream, in the fame proportion as 
it does that of the Quantity of Water. Thus the Yene- 
tian Branch of the Po ſwallowed up the Ferrare/e Branch, 
and that of Panaro, without any conſiderable enlargement 
of its own Dimenſions; and the fame may be concluded 
proportionally of all other acceſſions to Rivers; and in 


| general of all new 4; anc of Water. 


An Error, fays Benedickus Caftellus, Go his Diſcourſe 
of the Menſuration of running Water) hath been com- 
mitted by all thoſe learned Men, who, to prevent the Di- 
verſion of the Reno of Bologna into Po, by the Channels 
through which it at preſent runneth, judged, that the Re- 
#o being in its greater Excreſcence about two thouſand 
Feet, and the Po about one thouſand Feet broad, they 
judged, I ſay, that letting the Reno into Po, it would 
have raiſed the Water of the Po two Feet, from which Riſe, 
they concluded afterwards moſt exorbitant Diſorders, ei- 
ther of extraordinary Inundations, or elſe of IGN'S and 


intolerable Expences to the People, in raiſing the Banks 


of Po and Reno, and with fuch like Weakneſſes often diſ- 
turbed the Minds of the Perſons concerned. But — it 
is manifeſt, that the Meaſure of the Reno in Reno, would 
be different from the Meaſure of Reno in Po, in Caſe that 


the Velocity of the Reno in Ps, ſhould be different from 


the Velocity of the Rene in Reno. Nor are they leſs de- 


ceived. 


822 
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| ceived that have affirmed, that letting the Reno into Po, 
there would be no Riſe at all in the Ho; for the truth is, 

that there would be always ſome riſing, ſometimes greater 
ſometimes leſs, as the Po ſhall have a ſwifter or ſlower 

Courſe, for if a ſwift Courſe, the Riſe will be very ſmall, 

and if a flow Courſe, then the Riſe will be notable, there- 

fore concludes this Author. If a River fall into another 


River, the height of the firſt in its own Channel, ſhall be | 


to the height that it ſhall make in the ſecond Channel, 
in a proportion compounded of the Proportions of the 
Breadth of the Channel of the ſecond, to the Breadth of 
the Channel of the firſt, and of the Velocity acquired in 
the Channel of the ſecond, to that it had in its proper 
and firſt Channel. 8 


I 


12. ARivix offering to enter into another, either perpen- 
dicularly, or in an oppoſite Direction, will be diverted by 
degrees from that direction, and obliged to make itſelf a 


new, and more favourable Bed, towards the Mouth. The 


union of two Rivers into one makes it flow the ſwifter, 
by reaſon, in lieu of the Friction of four Shores, they have 
only two to ſurmount, and that the Stream, being further 
diſtant from the Banks, goes on with the leſs interruption ; 


beſide, that a great Quantity of Water moving with a 


greater Velocity, digs deeper the Bed, and of courſe re- 
trenches its former width. Hence alſo it is that Rivers, 
G 1 
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£ by being united, take up leſs Space on the Surface of the 
Earth, and are more advantageous to low Grounds, which 
diſcharge their ſuperfluous Moiſture into them, and have 
likewiſe leſs occaſion for Dykes to prevent their overflow- | 


"y 


Nature bada THESE Ages are ſo conſiderable, that they are 


view in 


ing the ==worthy of Nature's having had a View to them in her mak- 
Rivers. ing the confluences of Rivers, ſo frequent as we find them. 


The He os 13. Tas Current of a River in a permanent State, 
ul be bel. having, as has been proved, more Velocity in the middle 
le bi de than towards the Shores, if the Bottom be ſoft, it will 
F hn deepen it moſt, where the Velocity 1 is the greateſt, that is, 
— in the middle, from whence it may be concluded, that in- 
Nate I. fig. a. ſtead of the flat Bed B D, as it was at firſt, it f ſoon 
become hollowed as B CD, and ſtill more rapid, as it 
becomes more deep, the Surface ſtill remaining the ſame, 
and in this deep Place will be what we call the id. ſircam; 
or thread of the e ae from che reſt by its 


e 


Cauſe why 14. ER the Bed' of a River could contain the 

ſome Rivers 

overflow aad ud greateſt Floods at one time, it may yet happen, that if 

aug kadar the Sides and Bottom be hard, and cannot be torn away 
oy the force of the Water, it will overflow at laſt, not 

| being; 


| \ 
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| being capable of containing that Abundance of Water 
brought into it, which it formerly did, by its Banks or 
Shores encreafing by the depoſition of this Mud, thrown 


out of the mid Mream. 


1 5. Rivxxs which run on a gravelly Bottom, ſeldom Cut * 


Rivers which 


run ſtraight, becauſe the Gravel being irregularly driven dae gravely 
before the Stream, amaſſes here and there, and forms a many uind- 

Shoal, which turns the Current aſide; the Water after- 

wards meeting with a ſofter Soil, makes a new Bed, moſt | | 
frequently compoſed of ſeveral — which Nn . "IN 
lands, occaſioned by the Shoal turning the Stream and | 
making many windings : Banks, or Dykes are commonly 

made, to ſtraighten the Courſe, and if they are built on 

a gravelly Bottom, they are of little conſequence, as they 

will be ſoon ſapp'd : and unleſs ſome more effectual me- 

thod was uſed, ſuch Rivers would become incurable; thoſe 
that run in a ſandy Bottom, are much eaſier governed, be- 

cauſe of the uniformity of their Beds, preſerved by their 

Courſe, as ſoon as it is regulated either by Art or Nature; 

except ſome extraordinary Cauſe overthrows that Equili- 

brium, which ſubſiſts between the Action of the Gans 


and the F riction of. the Bed.. 


16.. GREAr 


Ione Form: +, : 


b k 
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Montaneow 16. GREAT Stones are 3 3 from the 
torrents 

rivers fubjet Mountains into Rivers, and many carry them off, with- 
to floods, oc- : 


cafion ſhoals Out receiving any Damage. As Bodies immerſed in Wa- 
and form bars | 


ter, weigh leſs than in Air, by the weight of the Volume 
of Water, whoſe Place it occupies, a Stone of one hun- 
dred and twenty pounds weight, will weigh no more than 
fifty pounds in the River, and as ſoon as the Current is able 
to overcome this Reſiſtance, it will roll the Stone along; 
leſſer Stones conſequently are ſooner moved, and with 


+ e force; theſe Stones A with Obſtacles in 
the 


* It is well . has Rivers ſubject to Floods, or more 3 mon- 
taneous Torrents frequently roll large maſſes of Matter along with them: 
if it be clay torn from its Stratum, it breaks it by frequency of colliſion in 

its Motion, and dropping here and there, the weightieſt of its conſtituent Parts, 
forms bottoms of Gravel in the Channels of Rivers, but the lighter Parts be- 
ing longer borne up are carried further, and make Shores of Sand to Lakes 
and to Harbours of the Sea: where the Waters ſpreading themſelves, loſe 
their force, and the Sand ſubſides and forms BARS, always more or leſs 
incommodious for Shipping. The earthy Parts being capable of more com- 
minution than Sand, are alſo capable of longer ſuſpenſion ; and either ſubſide 
later, and are perhaps ſoon diſturbed again, or are carried into the Sea, and 
by a diffuſion with that immenſe maſs of Water make part of its Nature; 
are borne up into the Air in vapour, and reſtored again to the Earth, in 

Rains, Dews, &c. For all theſe have Earth in them. | - 

+_ For Matter as it decreaſes in Quantity, increaſes in Surface, and as it 
increaſes in Quantity, it decreaſes in Surface, and this differently in different 
figured Bodies, but greatly in all; and in all regular Bodies, the decreaſe of 
Gravity, or Matter upon Diviſion, is in a triplicate -Ratio of the Diameters, 
or Sides, but the decreaſe of Surface only in a duplicate Ratio, For Gravity 

| | is 


Chap. I. of RIFERS 15 


the Middle of the River, are turned aſide, whians the Ve- 
locity of the River being not capable of moving them, 
they depoſit themſelves there, and in a little Time the 
Sand, Mud, &c. being gathered there alſo, together, form 
a Shoal in manner of an inclined Plane : and then the Wa- 
ter being thrown off into the deepeſt Place, conſequently 
runs ſerpentine, and is not capable of regaining its former 
Direction; but this is not all, for if the Banks be compoſed 
of ſoft t ſpungy Earth they wall be torn to pieces. 


17. Havine a Plane, which we will ſuppoſe to be in- Abe In | 
clined from South to North, and rolling a ſpherical Body is Rivers. 
upon it, with a Velocity, or Force impreſs d on it, in the 
direction from Eaſt to Weſt ; this Body will have two Mo- 
tions, compounded of the impelling Force, and the natu- 

ral gravity of the Body, according to the Inclination of 
the Plane; thus while the firſt Force ſubſiſts, the Body 
will deſcribe a Curve. So, the Water of a River paſſing 

over an inclin'd Shoal E F, of a Bank A B, to the other Plate L. f 2 
Side C D, will ſtrike it in the oblique Direction G H, and 
by a Repetition, will ſo waſh it away in the form of he 


Bend deſcribed IK L. But we know that the Angle 0¹ 


is according to the Quantity of Matter or ſolid Content; and that decreaſes 
in all regular Bodies in a triplicate Ratio of the Diameters or Sides by Euclid, 
lib. 12. Sch. Prop. 18. and the decreaſe of Surface in a duplicate Ratio of the 
lame, follows from Corollary to Prop. 20. lib. 6. Euclid. 

Reflec- 
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Reflection is equal to that of Incidence, conſequently the 
Water will fly off, from C D, towards the oppoſite Side 
AB, in an Angle nearly equal to that it came on C D, 

and will waſh away the Part MN O, from whence it will 

fly off again to the oppoſite Side, and ſo on, as long as 
the force ſubſiſts which cauſed the oblique Direction, un- 
leſs ſome Shoal, or Sand Bank, makes it t take a different 


Route. 
The oblique 18. As Water as with moſt force, where degpelt, the 
the current fo Banks will be firſt ſapp'd at Foot, and the next Flood 
| e will carry them off, and depoſit them on the neareſt Shoals; 


the buaks. thus the Water acting firſt on the Right and then on the 
5 Left, the Banks will naturally have the ſame bendings as 
the Bed, and the River will become crooked, and will 
have different breadths, according to the Caine ee form- 
ed between the Action of the Water and the viſcidity or 
toughneſs of the Ground, without any remarkable Alte- 
rations, but in eben Caſes. 


Unequalyif 19. As all Rivers are not encumbered with Stones, 


| of the 
foi Glofheveathere muſt be ſome other Cauſe for their crookednels ; the 
ers, | 


de geben chief is, that their Bottoms are not always equally wagh 
or viſcid in all Places, and this Difference in the Soil, is 
Jutficient to change the Direction of the River. 


SUPPOSE | 


p — a i * 
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Surrosk the right hand Bank of a River E D (fig. 2.) rute L. 6g, 2. 

to be compoſed of ſandy Subſtance for the length CD, 

and the reſt, B C, of hard Ground: in this Caſe the Bed 

will be deepen'd on the Side CD in the form of CK D, 

and on the contrary, B C, will riſe in proportion, for as 

the Current will gain a greater depth I K, it will deepen 

it ſtill more, as its Velocity will alſo increaſe ; on the con- 

trary, the Velocity decreaſing on the other Side, the Mud : 

will be there depoſited, and will at length form the 1n- 

clined Plane H C, Joining" CK: and the Bank E D, will 

be lapp dat D. 


20. Ir it DIARY: that a Vein of hard Ground, | and Another cauſe | 


of bars acroſs 
one, of a ſoft nature, ſhould join together and 2 a Rivers. 


River, the Water will operate on the ſoft Vein and form 
a BAR, and if this Vein does not run acroſs exactly per- 
| neodicular to the Stream, the Current will become crook- 


ed as before. 


21. bs the Bed of a River, be of the fame Viſcidity gas why 
Rivers 

and the Bottom inclines to one Side, more than the other e | 
Change t eir | 


the Side next the. deepeſt part will in time give way; andeourie after | 
this is the cauſe that many Rivers, after having run forges, ier 
Ages in one Direction, ſuddenly change it, and we are 
not able to diſcover the Cauſe, not knowing the differ- 


ent Soils of the Bed. | 
17 22. SMALL 
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ARiverwhich 22, SMALL Rivers running into large ones may alſo 


ino i, mes make them change their Courſe ; for if they have any de- 
ed TR gree of Rapidity, they croſs the. Stream and, ſtrike upon 
the oppoſite Bank, from hence again they are reflected, 
and thus give the Current a bend. There are many other 


Cauſes, which without doubt, concur. to the ſame End, 
but the principal ones a: my neee in Longs arid the 
preceding Weiche leo lie 


j} fi? 


Neceſſity of 23. When the Banks of 3 are | weating or «waſting 


ſtudying the 
theory of Ri- by the Stream, the Cauſe is uſually attributed to their want 


how 25 of Solidity, and they are repaired accordingly : : if this does 
not do, they are commonly lined. with Maſonry, as cer- 
tain of Succeſs, hut the Event too oſten proves the con- 
e and many Rivers have been neglected. on this Ac= 
count, being rejected as incurable by the ignorant: it is 
not the ſolidity of the Work that/will;do in this: Caſe, but 
other Means muſt be uſed, as hall de ſhewn —_— of 


on vibes Maſonry will ſoon undermine 1 


ces, well ſecured by Piles and 
ſufficient length, and even then, it may be blown up, for 
if there is the leaſt room for Water to get in, its own 
weight with the preſſure of the Earth will ſoon bring it 

down. The only means to avoid this Evil is to turn off 

„ | #1 te 


if the Foundation is not 


Cane why 24. Tus Stream falling prec pitately on new n | 


Plank, cloſe jointed and of a 


" Bt 
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the Current, and then plain Earth will do inſtead of Ma- 

ſonry, for while it is deepening a Bed im another Place, 

it is' naturally fortifying this Part repaired; it is therefore 

much better to turn off the Stream than obſtinately endea- 

vour to hinder its Effects, which every one converſant in 

the Motion of Water, knows will only be attended with 

Expence : this may appear at firſt a hard Taſk to thoſe, 

who have not made the Motion of Water their pertieulal 

Study, but the following part of this Chapter will render 

it familiar to the meaneſt Capacity: it muſt be remarked 

that the thread of the Stream, or place where the Velo- 

city is greateſt and the part deepeſt, is repreſented in the 

figures by the ſingle Stroke, or meeting of the Strokes. | 


„ BrEAK-WATER, or Jetty, is a Bank made Break-waters 
| ſometimes of Maſonry, ſometimes, of Coffers filled with cher ug. 
Stones, but moſt frequently of Bavins, or Faggots and 

Hurdles, well pinn'd down and bedded with Gravel; they 

are made along the Sides of a River, to contract the Cur- 
rent, and to throw it on any particular part, and in fine to 
break off its force, where it might be hurtful; theſe Break- 
waters when they project have different Effects according 

to the Angle they make with the adjoining Bank, we will 
therefore proceed, to ſhew, how to determine chat Angle, 

according to the Caſe required. 


D 2 | IN 
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In the preceding Section we have ſeen the Cauſe of Ri- 
vers naturally diverting their Direction in length of Time, 
we will now explain how the. ſame is to be produced by 
Art, ſo that Rules may from thence be drawn, how to re- 
medy the Damages, which happen to them. To this end 
let us ſuppoſe a River in a permanent State, and on its 

ms „Bank (plate L fig. 4.) AB, a Break-water C D, is con- 
ſtructed, advancing e the middle of the Doe. and 
forming with the Bank, an obtuſe Angle A CD next the 


Current ; and that the Top of this break-water is hori- 


zontal, and that the Water cannot paſs over, but is forced 


ek the paſſage, left between its bead, and the oppo- 
ſite ſide. 


kk 26. Gvergshin NG the Laws of Percuſſion to exiſt here, 
the Threads of the Stream as E F, e f, in the ſpace AC 


2 — 4 r. D G, which run parallel to the left 3 and which we 
— will call the regulated Current, ſtriking againſt C D, will 
fiream. be reflected againſt the Bank 8 T in the direction F M, 
under an Angle MF D, equal to that of Incidence E F C. 
In this Caſe, the more open thę Angle A CD is, the more 

force the Water reflected has, to croſs the breadth HM 

of the natural Current 8 G D M, which oppoſes it. The 


reaſon is, that the ſupplement D CB of this Angle is equal 


to thoſe of Incidence and Reflection CFE, DF M, and 


the more acute theſe laſt are, the leſs will the force of the 
| thread Stream E F be diminiſhed by the GE of the 
break 
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break-water. If it is required to act upon 8 T with the 


greateſt force poſſible, that is, perpendicular, then the ob- 


tuſe Angle A CD muſt be three-fourths of two right An- 
gles or 135 Degrees, becauſe then its ſupplement BC D 
being 45 Degrees, as well as the Angles of Incidence and 


Reflection, the Angle E F M, being a right one, the di- 
rection F M, will be eee e to S T: ſo that if there 
was a Shoal at M, on the Bank S T, to be deſtroyed by 
the action of the Water, the b muſt be thus 


conſtructed, firſt, having determined the Paſſage H M for 


the water, 4 GN parallel to, the Sides of the River, 
and on that line draw the perpendicular MF, from the 
middle of the Shoal, then draw the Direction at the break 
water, ſo that being i between the parallels A B and 
G N, its middle F, anſwers to the perpendicular, and the 
Angle ACD will make 135 degrees with AB 


Tas longer the Weib ae is, the greater Force has the 
reflected Water to croſs the free Current, and to go ſtraight 
upon the oppoſite Bank; thus there are four Things to 
be conſidered in placing Break-waters; Firſt, Its poſition 
with regard to the Object propoſed. Second, The Angle 
which the ſide next the Stream ought to ak with the 
adjoining ſide. Third, Its length in proportion to the 


breadth of the River. Fougthly, The Velocity and Di- 


rection of its Current. Theſe conſiderations cannot be 
| : | compre 


4 
2 
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— or acquired but with a e e Os 
of the River in gon 


rende 27. Wa muſt now exemindithe Circumſtances that may 
ovary the Direction of the reflected Water: all that part 
dt che Stream, which falls againſt the Break-water, loſes 
its Force in proportion as it approaches it, and alſo as it 
is diſtant from the principal Stream O V, yet being preſs'd 
againſt the Break-water, by the Water coming on its back, 
it will be raiſed or elevated againft it, and then its own na- 

» tural Energy, will cauſe it to deſcend towards the loweſt- 
Place, which is the free Current, and with which it will f 
run towards the other Side with a wirecton impreſs d by 
the line 0 D. 


Ir the Giirient be very rapid, and the refleted Water 
preſerve ſufficient Force to fly from the Break-water, not- 
withſtanding the Obſtacles that preſent themſelves, it will 
follow the direction F I, indeed rather curved than ſtraight, 
and join with the free ent. This will happen more 
frequently if the River is deeper under OV than elſewhere, 

4 conſequently then, its bed will be inclined to one Side. As 
7 1 the Surface of the regulated Current will have a little ſlope, 
. becauſe of the retardation of its Velocity, which will cauſe 

a Friction along the left Bank, the Water will naturally 

deſcend towards the free 8 and run with a Direc- 
tion 


8 . ra III IC S 


CEE 
a e , = . e 
= 


B 
— * "hon d 


— — 


Pr 


Chap. GO REI MM 23 


| tion reſulting from the combination of the Forces oppoſed. 
# Thus we will ſuppoſe that H I, expreſs the Force of the 

A Water reflected according to F H, and that K J expreſſes 

that of the free Current; the Diagonal LI of the paral- 

lelogram K LH I, will 2 8 Direction LP of the 

River, which wa meet the Side S T, obliquely, where it 7 
will form the Bend MP X, from 1 834 it will by reflec- — 
tion be drove againſt che oppoſite” Side, and form the „ 
Bend BQY, and will perhaps fall again on 8ST that 

15 if it has Fe orce enought remaining. 8 


Tu firſt Bend MPX, will be greater than the reſt, 

| 8 the Water will Pete have a greater Velocity 
paſſing through the Paſſage DM, where it will have a 
fall, and conſequently will make a Breach in the op- 
8 Bank. There are many Cauſes that may pre- 
vent the Water from acting exactly as we have ſuppoſed, 
but its Effect will be ſo nearly like it, as to render this 
Theory ſufficient for Practice: it malt be obſerved that 
the Water, muddy in time of Floods, and incloſed in the 
Angle D CB, will be there dormant, and will lodge its 
earthy Particits along the Break-water, and contribute 
— much to 1 its Strength. 1 
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| — 28. Watn the Break-water forms an acute Angle AC 


D (hg. 5.) next the Stream, the threads of the Stream, 


+» mp cage 


_ emeznglenext E F in the Space ACD G, muſt be reflected againſt the 
He 56 „ ſame, each making an Angle MFC equal to EF V, 


and from thence by a ſecond Reflection MN, fall upon 
the oppoſite Side 8 T, but the other Streams g h coming 
ſtraight on M Q, with more force than the firſt have, after 
the two percuſſions they are driven again againſt the 
Break-water, whoſe Situation will not permit them to 
: defcend towards the free Current as in Art. 27; on the 
- contrary, they will be thrown back from D to C, in the 
Angle D CX, when after ſome time twiſting, and whirl- 
1ngs, they will remain at reſt, and will form a triangular 
Priſm of dead Water bounded externally, by the imagi- 
nary Surface X RV D, which ſerves as a new Break- 

| wy making an obtuſe * AX D, with the Side 


By a Succeſſion of Floods, the muddy Water will de- 
poſit the earthy Particles on the Baſe X CD, and will 
form a Shoal, which at the end of ſome time will be raifed - 
as high as the Water in the greateſt Floods, and will oc- 
cupy the Place of the dead Water, whoſe limits XRYD 
will rather be concave than Og by the conſtant ac- 
tion of the Water. 


” FROM 
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FROM thence! it follows, that if the River "Om but lit- 
tle Velocity, the threads, as P Q, coming againſt the fluid 
Priſm, and not being able to reflect, becauſe of thoſe 
that immediately follow, the Water will riſe along the 
line XD, and then will run kom & to D, to join the 
free a which will be thrown againſt the Side S T, 


as in the e Article. 
U 


a> p 


| Ir, on the contrary, the River is very rapid, finding 
itſelf ſtopt by the dead Water, it will be reflected more 
or leſs according to the direction QN, with a force which 
we will ſuppoſe expreſſed by HI; that of the ſfree Cur- 
rent by K I; then the diagonal LI of the Parallelogram 
K H will —_ the Pe ant L Z of the River againſt the 
Side 8 T, which after ſtriking S T, will fly off in the 
direction Z A D. 


29. Ir the Break-water C D forms a right Angle with co 
the Shore A C, all the Water which runs in the _ _ 
ACD G, meeting it, in a perpendicular Direction as EF 
muſt naturally be reflected againſt itſelf, therefore being aan 


adjoining 


raiſed above its uſual level, that part neareſt the Head I D, ae bg. 6. 
will run off towards the 00 Current, whilſt that which 
is at the bottom of the Angle X CD, will remain at reſt 
after a few turnings, ene it decreaſes in motion as it 
E approaches 
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approaches the Shore AC; which forts as before a tri- 
angular Priſm of dead Water, forming externally an ob- 
tuſe Angle AX D, with the Shore AC which Angle will 
be greater or Is. according to the Vaude of the N 


ver. 


_ 


Tuis Priſm will have the fame Effect as in the prece- 
ding Caſe, that is, if the River has a flow Current, the 
Water meeting the Obſtacle X RV D will run from X 
to D, nearly parallel to the Line X D, and will join the 
free Chirretit O V., If, on the contrary, the Water, after 9 
the percuſſion has forks enough to fly off according to 0 
PI, it will unite with the fame Current, and both run ok 
in the Direction L Z, of the diagonal LI, of the Paral- 
lelogram K H, conſequently the River will ſtrike the 

Shore S T, obliquely, and perhaps alſo the oppoſite Side. 


Fon what has been ſaid, it appears plain that it muſt 
form a Shoal in the Angle X CD, as well as in the other / 
DC; that the firſt will ſtrengthen the Break-water, 
againſt the direct Current of the River, and the latter 3 
will ſerve as a ſupport to it. 
_ 8 30. Exc of the three Directions of the Break-water , 
Lane b may have its particular Advantages, according to the 
* Caſe required; for ple that which forms an obtuſe 
. | 5 * 
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Angle to the-Current, is of excellent Uſe in deſtroying Their appli 


cation. 


Shoals and Sand Banks, without being itſelf much injur- 
ed by the Action of the Water, therefore in this Caſe, it 
merits the preference of the reſt. If, on the contrary, it 


is required to fill up ſome Hole in the bed of the River, 


the acute Angle is the beſt to accumulate the Mud, &c. 


and it may be made a little curve, but the Head muſt 


be ſo diſpoſed that its enterior Face of the Priſm of dead 
Water, does not reflect the regulated Current againſt the 
Banks for fear of damaging them. As to the Right an- 
gled Poſition, it has no other merit than that of ſhorten- 
ing the Break- water: beſides, receiving the percuſſion of 
the Water perpendicularly, it will ſooner be ruined at 
bottom, becauſe the Mud can only lodge in the bottom 


of the Angle, if the Current has any Force at all, for 


lower down it makes an Eddy or two and then joins the 
free Current. 


— * 
31. HirHER To, we have ſuppoſed theſe Break-watels rg s 


of ſolid Materials in the form of Parallelipipedons firmly „ 9 DOR 
built; but as this form will in many Caſes, cauſe over- 


flowings in time of Floods, when the Break-water is long, 


in order to retrench the Paſſage of the Water, the fol- 
lowing Method is propoſed, from whence can reſult no 
Inconvenience in time of Floods: make the Break-water 
in form of a Coin C DN, that is, that the 1 ace Oppoſed and s. 

E 2 to 


Plate I. fig. 7 


7 and 8, ſhew, where, in the firſt, the Break-water makes 
an acute Angle with the Shore, and in the fecond an ob- 
tuſe one, and which might alſo be made perpendicular to 
the Side if there was occaſion. 


In many Reſpects theſe kind of Break-waters muſt 
cauſe wm” of the Evils already mentioned, but leſs be- 
cauſe of the difference of the Figures : the dead Water 
in the Angles on the Tight and Teft, will form two tri- 
angular Priſms DQNC, and DNYC, which will to- 


the Break-water, and in length of Time, will become 
entirely ſolid, When the Pon has poſſeſſed the Place of 
the dead Water. 


bergen, 32. We ſee that in each Caſe, the Water which runs 


Sen fe immediately on the Bottom, meeting the Baſe QD, of 


the Pyramid NQDC, will deſcend from Q to D, to 
by that wen join the free Current, if the Velocity of the River be 
zn moderate; or will be thrown from P, towards H, to run 
according to the diagonal L. I, if the Velocity is very 
rapid; as the ſame Thing will happen to all the other 


Parts of the Water, which will ſtrike ag gamft the Baſes 


RS, X F, the inclined Triangle NQ, * to the 
Shore A C, will of conſequence drive the regulated Cur- 
. | „„ rent 
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to the Current, be a reQangular Triangle as the Figures 


gether, make one Prim CNQDY with the Body of 
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rent, towards the Right, but always leſs and leſs from. the 
Bottom to the Surface, where there will be little differ- 
ence in the Velocity of that Space. Therefore the Wa- 
ter, in time of Floods, will have more liberty to run, 
than if the Break-water had been a Parallelipipedon ; b 
thus it will be chiefly towards the Bottom that it will 
operate On the Shoal, that we would waſh away at the 
time even of the common height of the River; and the 
Floods afford but a ſhort Time to profit of their depth. 


I paſs by in filence many Remarks on the preference of 
theſe triangular Break-waters, which will ſtrike every one, 


with the leaſt Reflection. 


33. T z6116ve che Effects which Break-waters produce, The applics-- 


cation of 


_ 


have been ſufficiently explained, to paſs to the Applica- break waters. 


to ſhoals. 


tion of them to Rivers. We ſhall begin by ſhewing how 
the Stream is to be contracted, to carry off Shoals or ſand 


Banks, without the Aſſiſtance of human Force, which 


could not at any rate be applied in any depth of Water. 


Next, we ſhall treat of the Method of filling of thoſe 


Holes in the Bed, which ſometimes render the Navigation: 
dangerous, all which may be done at little Expence ; but 


care muſt be taken to remove theſe Shoals in ſuch a man- 


ner, that they may not gather Wan, or the Work will 
be always to be renewed. 


34. Surrosk. 
0 


30 XR S8. Chap. I. 


Plate. ag . 34. SUPPOSE that the Shoal GH IK LM on the Side 
of a River C D of a permanent State, be required to be 
deſtroyed : chooſe the time of Year that the Water is 
loweſt to make the Break-water E F, in the moſt con- 
venient Place, ſo that making an obtuſe Angle with the 
Side A E, it may throw the Water in the moſt advan- 


tageous Manner on the Shoal: to facilitate the Action 


of the Water, let the Bank or Shoal, if above Water be⸗ 
cut into many Trenches I O, K P, c. parallel to each 
other, and ſo directed that one part of the Stream may 
run thro' them, and another round them by other Trench- 
es as HL, croſſing the preceding, obſerving that the near- 
eſt to the Bank of the . be far enough off not to 


damage „ | l 


THrincs being thus diſpoſed, it is evident that the 
Stream being contracted in the upper Part, will run with 
great Rapidity through the Paſſage N Q, eſpecially in 
the Trenches, where it will waſte away the Angles of 
theſe little Iſlands, and the ſooner, the deeper the Trench- 
es are cut, ebe it is beſt to dig them as deep as the 


7 bed or the e River, if i 


Different me. 35. As it is beſt not to leave the Wend Wutet "RE 
thods of mak- 


ing temporary Longer than the Shoal 1 is carried off for fear of making 


74 1 many others 


x 
1 
1 
5 


= 
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others in the Angles R, S: they may be a with 
Gabions, or wicker Baſkets, fled with Stones, faced with 
Watles or Hurdles, well picketed down, on the Side next 
the Stream, or they may be ſupported by Piles and Plank 
nailed againſt them : a Break-water may alſo be made with 
Coffers, (or Boxes, or rather Frames of Wood without 
top, or bottom) but theſe are .difficult to fix in rapid 
Streams; but the moſt ſimple Break-water is that uſed 
at preſent at Havre de Grace, which as it will ferve ei- 
ther for Rivers or Sea-ports, a particular Deſcription, 
Plan and Section ſhall be given of it at the end of this 
Chapter. They are indeed of ſuch great Uſe, that all 
navigable Rivers, liable to have Shoals raiſed, and there 
are. few exempt from this defect, ſhould em have a 


Number of them hing 2000p for uſe. 


* 0 Pate Rivers in good Order, the Thread of Uſe of trian- 
the Stream, or Part moſt rapid, ſhould be kept in the ana oh 
middle of the Beds, and not incline more to one Sides middle of 
than the other; the contrary is ſuppoſed in fig. 10 and Fate L tg. 10 
11, the Bed being deeper along OP Q, than its op- 
polite Side EF G, which is the fame as a Shoal: If the 
Stream is permitted to continue in this State, having more 
rapidity on one Side than the other, and having once reach- 
ed the Bank AB it will foon tumble it down ; to prevent 
which, the Shore O P Q, muſt be raiſed, and the Stream 


thrown 


" 
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thrown on to'ther Side to deepen that, by which means the 


Water having taken its Current in the middle of the Ri- 
ver, the t and reſiſting Powers will 1 it in equi- 
librio. 


Sour will 1 this a Kr" Piece of Work, think 


ing the hollow might be filled with Sand, and Mud thrown 


into it; but this is not practicable, for not only moſt Part 


thrown in, would never reach the Bottom, but what was 
lodged there, would be taken away with the firſt Flood, 


and the Expence would be alſo prodigious, to no effect: 


the Effects of Nature, are more ſure and durable, and 
therefore Deſt to be done by her. To put this in prac- 
tice, along the Bank A B, make a number of triangular 
Break-waters, I K, L M well and firmly united with the 
Bank, and the Extremities K, M to the bottom of the 
River, or elſe the heads K, M, will be ſoon waſhed away: 

all theſe Break - waters muſt alſo be of the ſame length, 
and parallel to each other, forming acute Angles, on 1 
fide next the Stream; the Intervals and Projections, muſt 
be left to the Woe of the Director, according to Cir- 
cumftances, for there is no occaſion to advance them to 
the middle of the new Bed, it is ſufficient that they refle& 
the Water, which they will do regular enough as ſoon as 


their upper Surface ſhall be in the ſame inclined plane. 
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 AccorDinG to Article 30, the dead Water in the An- 
gle HR K, will in time Floods, form a Pyramid whoſe 


exterior Surface will be expreſſed by the triangle I K H, 


and in the Intervals of the Break-waters there will alſo be 


dead Water, which will depoſit the Mud in form of a 


glacis, or inclined plane K ILM, and which joined to 


the Pyramid will form one ſolid Body, and throw the 


Stream towards the middle of the River: this will hap- 


pen chiefly towards the bottom, and in great Floods the 


Water will paſs over theſe inclined Planes with almoſt as 


much liberty as if there was nothing there to divert them 
from the Direction parallel to A B, C D, ſo that the right 
hand Side will be hollowed, whilſt the left will be in- 
creaſed in height by the depoſit of the muddy Waters: 
thus theſe triangular Break -waters at one time anſwer two 
operations, which reciprocally aſſiſt each other; if the 
Ground is too hard and firm, it muſt be croſs cut as in 


Figure 11. 


37. Ir there be a breach E F G in the Bank A B (fig. Application of 


break-waters 


33 


12.) formed by any of the Incidents mentioned in Art. to repair @ 


in the 


16, 17, 18 or 19, to facilitate the Reparation, there muſt tax of a Ri- 


be two Break-waters I K, L'M, made at its Extremities, ate 1. 6,12. 
and if it is very long, ſome between, for the Slime depo- | 


ſited there by this means will be much more ſolid than 
F | any 
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any Earth thrown there. When the Mud, &c. depoſited 
riſes above the Water, then repair the Bank, which will 
be preſerved from the force of the Water by the depoſited 


Mud, and the Break-water, and without this precaution 
the Bank would frand bot a _ little while. 


. LENCE convinces, that the: beds. of lows file 
continually, even in many Places above the level of the 
Country, and then proceed Inundations, to the great pre- 
judice of the Inhabitants: in contracted Places we alſo 
find that the Water makes no depoſit, but carries all along 
with it; from whence we may conclude, that to give a 
River more force and activity, we muſt not only regulate 
the Current, but the bed muſt alſo be contracted, that it 
may make no depoſit, but carry all earthy Particles mixt 
with it, even into the Sea, if poſſible: Rivers running 
thro' Towns and; Cities furniſh us with Examples of this 


kind, for they are there, more rapid; and navigable than 


elſewhere, being contracted by Quays, &c. 


| Method of 38. nnd a River, whoſe. banks are very: whe as 


2 — «HK, CEF G, andi it is required to be contracted with- 


LF 


IM the Limits AB, CD; part of the old bank CE may 


"be preſerved, being ſuppoſed in good order, and running 

in the Direction propoſed: begin by tracing the new Banks, 

* that their Interval acroſs and e may contain. 1 5 
Ereate 
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greateſt Floods, which knowledge may be gained by any 
other contracted Part, ſuch as a Town, &c. if the River 
paſſes thro any, and allow a little room extraordinary. 
If the Country be woody, make the foundation of the 
Banks of Briſhwood or Bavins, and conſtruct the trian- 
gular Break-waters L, L, L, M, M, M, at proper diſtances, 
along the new Banks, e acute Angles next the 
Stream, ſo as to keep the Stream in its proper channel 
NO, P Q, and at the ſame time to Rogen the new 


Banks by the depoſit of Mud, &c: 
39. Fo increaſe the Velocity of a River, he bed muſt Uſe of break- 


waters to tre- 


not only be coirtracted, but the Obſtacles retarding it — 
muſt alſo be removed, to which all windings and elbows n wing. 
contribute, efpecially if they be ſharp and fuddeh, often 
oepaionte by the hardnefs of the bottom, fuch as Chalk 

or Gravel, forcing the Water to make à new Paffage; in 


the adjacent ſofter Ground as is explained in Fig. 9 and * 2 


ro; in the firſt we ſuppoſe the Shoal EL N, has obliged | 

the River to make a new bed KX Y SC, befcind i its old 
limit A C, to the great Prejudice of the Neighbourliood, 
and nk muſt daily increaſe if the Ground be ſoft, for 
the Side MF G, will extend more and more, if the Stream 
along the new bank A BC be more rapid, and conſe- 
en e than on the other Side. 5 
I Erh! 012 
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As ſuch a Repair would be eee according to 
the common method, beſides the Expence, for we will 
ſuppoſe this Shoal SIE the whole River, and to lie 
above a Mile about; it ſhall be ſhewn how it may be 
done, by more ſimple and leſs expenſive means, by oblig- 
ing Nature alone to 23 things 3 in their former 
State. | 


mms Maxe a number of Break-waters in os 98 A Q 


of the Entrance of the Elbow, to caſt the Current on 
the Shoal, having croſs-cut it by Trenches QS, MN, 
'EH, O P; then ſtop up the Paſſage in the middle of 
the Elbow Jn a Bank, as BL, and by a ſecond at its 
mouth as 8 W, obſerving that they both be no higher 
than the mean height of the River, ſo that the F loods 
may fg over, for. = of ee the County. 3 


The foam, 40. T hay Waters inclofed in the- See A x F 


bedofan eU T, and LV GW, having no motion will depoſit the 
ere Mud; part of thoſe that paſs. over in time of Floods wilt 
nd ty « xvdo the ſame; thus the bed of the Elbow will riſe conti- 
- nually, till it is as high as the Water, at the loweſt time, 
which is fappoſed the level of the Shoal : part of the Shoal 
VLS, may ſerve as a Baſe to the Bank AX WC, which 
mult. not be made till the River is forced into its new bed, 
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and the oppoſite Bank X R alſo finiſhed, wick | 1s here 

| ſuppoſed to have been neglected while the River run in 
the Elbow. It is alſo neceſfary to make Break-waters 

along the new Bank, to keep the Stream in the middle, 

for it will incline to the left hand, till it has made a pro- 
per bed and deep enough, becauſe of the eg fall, 

which the bottom will nen to this 2 A 


Ir the Elbow is not ſo large as we ſuppoſed the lat, Plate III. 6g; 
but like that in fig. 10, O Z H, IK M, it will be fu * 
ficient as before in Article 37, to make two Break-aters 
E G, H N, at the entrance and mouth, and even ſome 
deten . neceſſary to fill up the Space OZ H, and to 
deſtroy the Bank IK ML, and at ee time e the banks. 

OF H, IL an muſt be repaired. 5 » 


Tz Laas are fufkeient to ſhew what Advantages 
may be drawn from the help of the Current alone, and 
with little Expence, when managed with Judgment; we 

ſhall in the next Chapter proceed to the Conſtruction of 
| Break-waters, made with Bavins or Faggots, the moſt -- 
proper for all kinds of Repairs on Rivers, and ſhall con- 
elude this, with the Deſcription of that uſed at 127 8 7 * 
Grace, mentioned 1n Article 35. a 
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PS 


Deſcription of 4 x, Tut te is called: by its a (M. 


the ee 


break-water Cuſtlain) a Radau, and we may, from its facility of being 


_ uſed at Havre 


de Grace, cal-carried- from one Place to another, entitle it a moving 
Break-water. It is made of Deal, forming an oblong Floot 
72 Feet long, and 12 broad: in Sea-ports it riſes with 
the Tide, being then of no Uſe but when the Tide ebbs, 
when a number of oaken Piles or Stak&—are let down, 
through Holes made for that Purpoſe on one Side only, 
which as foon as they touch the bottom, and the Wa- 
ter falls, give the flooring of this Machine an Angle of 
about 45 Degrees, and remain in that poſition till the 
flood Tide; as it floats at high Water, its inclination to 
the Stream can be made at pleafure, and tho' ſome Ports 
have Sluices, yet theſe will be exceſfive Uſeful, to waſh 
away a Sand Bank at a diſtance from the Sluice, where 

hs ee of me: Water would be almoſt . 


ben e. Ei", 8, bers ware © of- its Flowing nn by fon 
— — ABCD (bg. 9.) of about 17 Inches ſquare, 
Reds, Each length of one piece, and as they cannot be found 
of that length, of that ſcantling throughout, the great 

and ſmall Ends, are placed alternately and parallel to 
each other; B is 10 Inches from the firſt A; and C 
in the centre between A and D; they are bound to-— 


gether at e 8 Feet by, eroſs Pieces E, E, F, F, of 
12 Inches 


W 
e e 82 e 
CS LN Ss 


the Plan of the Crook; and for: better ſecurity the Beams 
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12 Inches ſquare, nailed and ftrapp'd with Eon as G, G; 

theſe croſs Pieces are one Foot afunder, and let 8 Inches 

into the tie Beams, ſo that they project 4 Inches above 

them, which is the thickneſs of the Flooring, of which 

the upper Surfaces. of theſe croſs Pieces make part; the 
Holes K, are made to receive the Piles which are 12 In- 

ches ſquare, ſo that two Inches are taken off the Beam A, 

the diſtance from A to B being but 10 Inches, chis is 


ſhewn in plan and profile fig, & and e maſs Hole K 


1s neun between the Pieces AB RR: 


1 IGURE 3. coggeſents the Section af hart of: eden fig. 5 
the oaken Pile LM. is ſhewn in its vertical Poſition when. 
the, Radeau floats; it is nearly: 12: Inches: ſquare, and 12 
Feet long, the lower End is lodged: in the: Hole: a b c d; 
1585 ſupported. in the following manner. Fhe Pile; (as 
g. 4. is ſhewn at large,) Has two grooves NV, and 


Yo in one of its Sides, to which is applied the cramps 


- making fo. 1 many notches where the Tooth; e, of the _ 
iron Crook RS, is hook di in, this crook plays on x hinge 


made in the ak Piece of it) drove in the Floor, and to 


keep the Crook. from. joggling a wooden Coin T., is drove 
into the joint: and on the oppoſite Side, the Pile is ſup» 
ported: by a Bracket I, as in, fig. 1 25 which alſꝰ ſhew 


are: 
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are lined at bottom with the Planks, O, of 4 luches chick, 
and 12 e Os * Feet e "8 
(TEL 
n the Rada is to bi laid aa th Piles are ht 
Bf Bla by taking out the wedge T, and raiſing the crook 
R, at the ſame time forcing them down by Ropes, faſten- 
ed to ſtrong pieces of Iron XX, at the top of the Pile 
Gs. 4.) and by the help of a Crab, obſerving as the Pile 
deſcends to catch them by the Crtidle t in the groove, NV, 
as is ſhewn diſtinctiy i in fig. 5. containing the upper part 
of the Radeau as it lies at low Water, and which alſo 
ſhews the inclination of the flooring, & &, which oppoſes 
the Stream. When the Sea flows, and the Radeau be- 
gins to float, if it is to be removed to any other Place, 
the Piles are drawn up as in fig. 3, or it remains in“ the 
ſame State ready againſt the Tide. goes w far ee 
for it to fall to its former Poſition. WT 


This Radeau Tas application of theſe 1 as 88 in 
oy of "ve Rivers, is ſo plain as to need no farther deſcription ; it 
ater. may only be obſerved, that the lower the Piles are let 
down, the greater Angle its Floor will make with the bed 

of the River. And they may have the ſame Properties as 

the triangular Break- waters, by digging a Trench for its 

Sad to be ſunk 1 ns at pleaſure. . 


CHAPTER 


Chap. IL Bzxrax-WaTERS with BaviNs, 41 
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CHAPTER I. 


f | of the ConfruBtien of Break-waters with Faggots or Ba- 


ins I 


42. F 3 Means that have hitherto been con- Advantages of 


break-waters 


trivd, to ſtop the impetuoſity of Water, the made of Ba- 

beſt, the engel and the moſt effectual, are Break-waters P 
nas of Bavins, (or Bruſh-faggots) fuch as are uſed on 2 
the Rhine; it is by their Aſſiſtance, that they have curbd 

the fury ad inconſtancy of that Rives] ; and they have 

this Advantage, that they may be uſed in nd any 

depth without waſting or loſing any part. As many Years 

Experience are required to arrive at a competent Know- 


ledge in Works of this Kind, the following Methods uſed 
18 by 


> 


=, Conflruftion of Chap. II. 
by the Dutch, French and Germans, ſhall be treated of 


in ſo clear a manner, for the benefit of thoſe who have 
not had much practice. in Works of this Kind, as to ren- 
der them familiar to the meaneſt Capacity. 


Break-aters 43. BREAK-WATERS are commonly uſed on fix different 
ae employ- Occaſions. Firſt, To defend a Bank A A (fig. 1.) par- \ 
Plae 3, 4 5rallel to the Stream of a River. Secondly, To ſecure the 
Head of an Iſland as BB. Thirdly, To preſerve the 
Tail of an Iſland as CC, or any Ground ſituated at the 
conflux of two Rivers as FH G (fig. 7.) Fourthly, To 
ſecure any Building as V, Z, in wk middle, or on the 
fide of a River, (fig. 1.) F ifthly, to cut off an Arm of 
a River, (fig. 5.) and te give it another Courſe. Sixthly, 
To turn the Stream off from one Side to the other, as 
E DF (fig. 16.) The Foundation of all thefe Situations 
is almoſt always conſtructed the ſame way” 3 but as the 
different rapidities and courſes of the Currents create Dif- 
— _ ficulties, which require different Poſitions, each kind: ſhall 
be diſtinguiſhed, that nothing may be omitted i in a Work 
of ſuch infinite ſervice to 9 n, 


55. EPO TE Faggots, or Bavins, uſed in 5 are 
the Par, about 11 Feet long, and 30 Inches round, made of Shoots 
_— thele of 6 or 7 Years growth, laid cloſe, and well bound with 


three "Ws, | the firſt one Foot Gina the Head, the ſe- 


cond 
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cond, 3 F cet, and the third, 6 Feet from the Head, S- 
that there remains about 4. Feet of Bruſh, or ſmall Pads, 
not bound at all. The Stakes are N 5 Feet long, Stakes. 
6 or 7 Inches round at the thickeſt End, they ſhould be 
round, well e and as ſtraight as poſſible. 


Tun Clayes or Wattles, are long ſticks of Beech, Wil- Delton of 

lows, or any flexible Wood, which are interwoven about 
the Stakes 6 or 7 Inches high like Hurdles: they ſerve 

to keep i in the Bavins, and to ſupport the Gravel which 

is laid on at every Bed; the longeſt are the beſt ; they ; 

ſhould be about two Inches round, to be ſufficiently ſtrong: 5 7 

and yet eaſily work d, for if they are too thick, they will 5 

not bend enough to cloſe round the Stakes, nor could N 
ö they be brought cloſe together, which would prevent the | 
g Work being ſolid. 


Wunr a layer of theſe Bavins at Wattles are Eniſhed Stratum, the 


meaning of the 


and gravel'd, this Bed is called a OO term uſed in 


this work. 


45. ber it be requit'd, to „e a Break-water along 
a Bank; (having a Quantity of Materials provided, and Rule e deter- 


mine the 


a Man chat knows how to lay the Bavins, which almoſtt breadth of 
: break-waters. 


every Peaſant does :) ſound the depth of the River when 
there is no Flood, and allow one depth and half, for the 
; breadth of the F oundation ; this ſerves as a general Rule, 


G 2 e $$000R 


. 3 
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except for the Head of an Iſland, where the Work muſt 


be farther advanced into the Water to give it more force, 
or when an Arm of a River is to be cut off, in which 
caſes, double the depth may be given and de more; 
likewiſe when the Bank is very upright, the breadth may 
be increaſed. If there is plenty of Materials at hand, it 
is better to make them broad than narrow, becauſe the 
retreats of one Foot at every Stratum, reduce the Crown 
in proportion to the height; and if by chance any vio- 
lent Floods ſhould carry off a Part of the Work before tis 
finiſhed, new Foundations muſt be laid upon the old: 
ONES. 


Conftrafion 46. Tae length and breadth being determined, as well | 
water on theas the poſition of the Break-water, begin on the Abut- 1 
1 — 4 ment, which conſiſts of a certain number of Strata, made F 
Adee at the Place it projects from, into the Water, and hich | 
are thruſt obliquely into the Ground: the length of the 
Abutment is proportioned to the length of the Break-watez 
and rapidity of the Stream, always beginning at the up- 
per Part or Head as is ſhewn in fig. 17, where the Water 
runs from I to F; thus the Abutment commences at I, 
and is carried into the Ground to K, making with the 
Shoar I E, an Angle of 45 Degrees, ſo that there remains. 
ſpace enough between K, and E, to prevent. the * | 
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from hurting it: the Ground is here ſuppoſed good and 
_ alta Part AD to be defended. 


To male this Abutment, dig out the Earth from to 


K, the breadth L K, as deep as the Water will permit; 
this muſt be ee conſtructed to defend the Break -wa- 


ter when fiſhed. 


Ir the Break-water is ſo ſituated that the Current flows 
directly upon it, or with great rapidity, on account of ſome 
fall, or it is made to cut off ſome conſiderable Arm, the 
length of the Abutment ſhould be, if poſſible, 20 or 25 
Yards : : but if it is only to preſerve the Sides of a River, 


where the Current cannot make much Impreſſion on it, the 
length of the Abutment need not be above 12 or 14 


Yards : the Workman muſt be guided by the nature of the 


Ground, and the force of the Water; the Crown or Sum- 
mit, muſt be 40r5 Feet above the mean height of the 


Water, 


+5. 


347 Tas Foundation of the Abotineri being als: lay Metros ot 


making the 


the firſt bed of Bavins ; chooſe the dryeſt for this purpoſe, unden of 


the abutment. 


lay the Heads of this Bed againſt the Land AB; the: pgs 


Ground muſt be quite covered, and no Intervals ſuffered fe > 13, 
between the Bavins : on this Bed, let two others be laid, 30 and 32.. 


each covering the Joints of the ies one: then drive in 


the | 
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the Stakes F E, upright and 1n a line, one Foot diſtant 


from the Head 555 the Bavins, and 15 Inches from each 
other, if the wattles be ſmall; 18 Inches if they are two 


Inches round, and 21 if they are thicker; drive in a ſe- 


cond Row G G, two Feet from the firſt, a third H H, 
two Feet from the ſecond; a fourth Row I, I, two Feet 
from the third, obſerving always to leave 3 or 4 Feet from 
II, to DD, without being ſtaked, and drive the Stakes 
in, no farthe: for the preſent, ow neceſſary to wattle 
them. 


To dreſs the Stakes the better in a rank, firſt drive in 
thoſe at the Extremities F, G, H, Sc. to which faſten a 
Rope, and ftretch it a-croſs, and let thoſe of each Row 
lie oppoſite the Intervals of thoſe in the Row before them, 
that there may be no Bavins left unſtaked : twiſt about 
each Row, a number of wattles, paſſing before one Stake, 
and behind the next; this watling muſt be cloſe wove, 
and when beat down, riſe about 7 Inches, the end of each 


Wattle confined by a Stake from flying out. The Wat- 
tles, as well as the Bavins being beat cloſe down, and the 


Stakes drove in, till their Heads riſe only one Inch and 
half above the Wattles, the interval between the, Wattles 


is filled with coarſe Gravel, which muſt now and then be 
_ramm'd, leſt the dlaffivity of the Bavins prevent them 


from lying ſolid. 
48. TRX 


DE a 8 


compoſe the Break-water, of which hereafter. 
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48. Tar feomd Bed is executed in a different Manner Method of 
aying the ſe- 


in reſpect to the Bavins, but the Stakes, Wattles and Gra- cond bed 
vel, are managed as before: to make the ſecond Bed, take rig 14, 15. 


the Bavins in a perpendicular poſition, their Heads down- 
wards, and having by force pricked them into that Part 
of the Tails of thoſe below, about a Foot or 18 Inches 
beyond the watling IF, lay them down long ways, as be- 
fore, on the Foundation, obſerving that their Heads keep 


faſt pricked into the others, and fo continue the breadth 


of the Foundation ; then lay another Row of Bavins to 
cover the firſt, thruſting their Heads home to the watling 
II, and do the ſame by the third Row of Bavins, advancing. 
the Heads to the Wattles H H, and having beat them cloſe 
together, ſtake, wattle and owed this Bed as before, and 
this makes the ſecond Bed of the Foundation: theſe three 
layers of Bavins are particularly expreſſed. in Figures 13, 
54, 1. Thame Thing 1s repeated till it reaches the 
water by and then all together forms the Foundation of 
the Abutment, which will de about 2 Feet high including 
the watling; and obſerve that each Bed will project about 
half beyond the lower one: if the Trench for the Abut- 
ment be only 5 or 6 Feet deep inſtead of 8, or 10, the 
Foundation need not be more than two — 5 thick, or 
elſe there will not be room enough for the Strata, chat 


49. Tye 


hy * 


r n bo 2 
4 , „ # wor —_ - 
_—_ — — —— 2 r ——— 
4 - 2a — < 
* — 0 n R * — 1 A 
* 1. 


48 | 4 HCO onfirutttor. of | Chap. II. 


* A = l = 1 if 1 G _— — N — = 


_— eg he 49. Tas Foundation of the Abutment being carried on 
i . . *fto the water Side, and its laſt Bed floating about half its 
'S the the bellen. length, begin that of the Break - water, which differs not 
q | from the other, except being one Foot thicker, but re- 
quires much more ſolidity and attention, as well on ac- 

count of the difficulty 1 in giving it a proper Direction on 

the Water, as in preventing the rupture of the Break- wa- 

PlteV. ig a. ter, which ſometimes happens at L, where the Bavins muſt 
. to the form of the Ground L MN, and ſometimes 

they break off from the reſt, when the e neceſſary Precau- 


tions are not taken. 


All theſe Difficulties are ſurmounted, Firſt, by making 
the Foundation at leaſt 5 Bavins thick, nay 6 or 7 if the 
Water is very deep. Secondly, by placing the Heads of 
the firſt Bavins, one foot on the Tails of the laſt of the 
Foundation of the Abutment. Thirdly, by placing alſo 
the Heads of the ſecond Row C, one Foot on B; the 
third Row D, one Foot on C, and the fourth E, quite 
againſt the Wattles H. Fourthly, by ſupporting the Heads 
of the fiſth Row of Bavins againſt the ſecond Wattles I, 
ſo that they cover the firſt Wattles H, and in fine, if the 
Water riſes above the Head of the ilth Row, by laying a 
fixth Row, over ail the reſt, ſupporting their Heads againſt -. 
the Wattles G, ſo that they cover the Wattles HI and I: 


and 


>: 
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? 

: 

4 


Chap. II. BREAK-War ERS of Bavins. 49 


and the better to unite the whole together, ſtake the Heads 
of ' thoſe Bavins which are not ſuſtained wok the Sl 


extremely well. 
| S8 


350. Bur in proportion as it advanees into the Water Precautions 
the Tails A, of the firſt Bavins fink, and will not bear A yocking on, 
an on them, ſo that the Heads of the Bavins of the new 

84. cannot be pricked i in, in that perpendicular Poſition 

required to force them in; the man muſt therefore ad- 
vance as far as poſſible, and he will reach near it, and thus 

puſh on the Tail to direct the reſt; having repeated this 

three or four times, he places on top of the firſt Row the 

2d, 3d, 4th and 5th, in the preceding Order, then the 

bulk becoming ſufficient to bear him, he finiſhes the Bed; 

in this Manner he continues the length of the Bitakowa- 


ter, from the Abutment at the Head, to that of che Tail. i 


281 


As ſoon as the Bavins of the GR Bd ire placed? 10 
ranged as has been ſaid, they are ſtaked and wattled in 
the common Manner, bar not gravelled for fear of fink- 
ing it too precipitately, and of not having time to make 
the firſt Stratum, which muſt be united to the Founda- 
tion; inſtead therefore of Gravel the Wattles are filled 05 
with Bavins, and the Work. [being lighter, conſequently xk oy 
floats the longer. | 
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n = I, „ * aki alſo be bs chat when once e at 


hying the Ba- 


nia be Water as in CD, fig. 18 and 21, and that about half 
of one Bed of the F 80 don floats, the Bavins muſt be 
turned off by degrees towards E, as in DE, juſt fo that 
ite laſt E, becomes parallel to the Stream E H, and the 
Shore FG, which is done by contracting the intervals of 
the Wattles as you approach the Shore : for greater So- 

lidity, more Bavins may be placed at the rounding, eſpe- 

cially if it is obſerved to ſink more than the reſt of the 

Bed: theſe Bavins muſt be well picketed ſlantwiſe as G G, 


Tg. 8 fig, 28: this precaution contributes much to unites. and 


auer the F oundation. 


Ir muſt be obſerved, that the a ſhewn at +564 
of fig. 21, is not ſo in reality, for by the Bavins ſinking 
and bending, when the Stakes are drove in, and the wat- 
tles finiſhed, the whole together is nearly on a level, but 
this method was followed to diſtinguiſh the Bavins and 
. of the Wattles. 2 


TDN : 52. Tas krft Stratum E He: laid i in a „ Lffcrent IM 


the tris of yp to that of the Foundation, that is, inſtead of placing 


and thoſe the Bavins parallel to the * they muſt be laid wah. 


the body of 


SHS their Heads to it, 19 8 20.) : | 
15 = Turx 
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Tux a We B B, (fig. —_ 18 laid on; their ien Plates V. and 
0 C, towards the land, and their Tails, D D, to the Wa- 3 PR 
ter, this Row is covered with another, the Lads turned 

to the Tails of the under one, then a ſecond E E, which 

cover half of the Bavins BB; a third Row FF is alſo 

laid on, covering half of E E, whoſe Heads are turned 

alſo to the Water; in fine the N is repeated the length 

of the Abutment G G, at the end of which the Heads of 

the Bavins F F, muſt 3 to round off, as is ſhewn in 

fig. 33. after which each Bed is Fee wattled and 


ian 


53. Tun Heads C C, of the Bavins B B, are 1 to be Obe; . 
laid towards the land, in the Abutment, i e . 
they have reached the Water as Q, the Bavins are placed du 
differently, and are not covered or doubled: they muſt 

then be laid with their Heads to the Water and their 
Tails to the Land, on which they are carried 3 or 4 Feet, 
and the other Bavins are laid as in the Abutment. The 
reaſon for this difference is, the bottom of the Abutment 
being level, che front and rear of the Stratum muſt be 
ſo alſo, and the firſt Bavins are doubled to make the front, 
and rear of the ſweep of an equal height, for in the body 
of the Break-water the Shore has always a ſlope, which 
anſwers to the doubling made to the firſt. If the rear of 
. the 


52 


— of { © Chant 


the Break-water ſhould yet fink too much it muſt be rec- 


tified by the Boulſter, P (fig. 28.) which is no more than 
a Bavin placed acroſs, under the Tail of the firſt of the 
Stratum; the ſame, if the front of the Break-water n 


double the Bavins there alſo. 


F on the firſt row ver Wattles next the NOOR chooſe the 
thickeſt and longeſt Stakes, and the beſt Wattles, and 


thoſe Bavins which have the groſſeſt Wood, becauſe it is 
on the fweep the Water has the greateſt force; then this 
Stratum will be raiſed about 18 Inches, thas/i 1 LT of 


Bavins, and 7 of Gravel. 


54. Fears firſt Stratum muſt, as I, have ſaid, immedi- 


3 fra. ately follow the Foundation, and advance in proportion, 
Venen which it is to be remarked, that as ſoon as it is ad- 


A 


vanced 15 or 18 Feet into the Water, a ſecond muſt be 


begun, and carried on from the commencement of the 


Abutment, to the ſecond watling of the Foundation, rec- 


koning from its extremity, ſo that it be all covered. ex- 
cept the Tails of the Bavins which are not ſtaked, and 


the Interval of the two firſt Wattles, which muſt be ob- 
ſerved i in ee n of the Foundation. 515 | 
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. Havine as yet carried the Break · water only ſome e 
into the Water, we now proceed to the finiſhing of it, as 

there cannot be too much precaution taken, in cod 
ing this Work, particularly 'when the Water is rapid and 
deep, it muſt not be puſhed on too faft, for fear of the 
Stream carrying away a part, before it is well bonded with 
the Foundation; on the contrary, if carried on too flow, 
its weight continually increaſing may ſink the Foundation 
out of ſight, and then a new one muſt be made, which 
will never bY well, and firmly united to the firſt. 

nee aktes the Bed of the Foutiilarkisi is made 
the length of the Abutment, and it is advanced 15 or 18 
Feet into the Water, begin the firft Stratum, and place it 
as in fig. 20 and 22, where ſuppoſe the Foundation ar- Pute v. 6g. 
rived at R R, from the beginning of the Abutment, LL, *© 
to the Wattles, PP, which is the ſecond from the extre- 
mity of the Foundation, R R, leaving the firſt Wattles, 
Q, uncovered, that the bed of the Foundation which 
is afterwards ed forward from R R, may be fmiſhed: 5 
the upper Bavins covenng D and in on the wat 
ling PP. 


35. Ox: 


rr 10.0 * 
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Remes t0 be 5 5. ON this firſt Stratuns! aiſcoond: is made l ng 


. te ys at L, but it is carried no farther than Og leaving a 7 


ter 


ane berg een of 5 or 6 Yards from P to O; a third may alſo 


be made over theſe as from L to N, with the like retreat 
ON, if the height of the Abutment will allow: the whole 
being conſolidated and ſettled, the new Beds of the Foun- 

Ade are carried on © ain * * to continue the WO 


- Br this Diſpoſition the ns will. not A 3 


ow the Break-waters ſinking by degrees, will be exempt 


from all Accidents : the ſame is done the length of the 
Break-water, always having in front two beds of Founda- 


tion at a time, e eee 3 t is 
a g Stream. + 


On theſe Beds immediately follow the Ah < pecially 


| the firſt which is i hat 7 from the Foundation, this 


Stratum from the Abutment, muſt not be graveled no 


more than the Foundation, if the Water is deep, until 


it is thought proper to ſink it deeper, and when 1t is ad- 


vanced about 25 or 30 Yards into the Water, that part 


of the Break-water next the Abutment, ſhould touch the 
Bottom; the reſt is carried on in the fame manner, ſo 
that there will be three-fourths of the Break-water at 


the Bottom before the Abutment of the Tail is begun, 
other- 


Chap. II. Baran Warenr gf Ne | 355 
otherwiſe the Work being all afloat, would be put out 

of its direction, and ſome 958 ee waſhed n by + 

the Stream. 1 52 


5 6. To ſink the 3 3 lad the Stra ta Method of 
next the Abutment, and as it ſinks begin new ones, from body 'of Fx OY 
the Abutment, which are puſhed On to: within ſome Yards regularly 1 to i 


bottom of 


of the extremity of the Foundation, agreeable to what in the rivers in. 
has been ſaid, and over theſe, new ones are again made, — 
from the Abutment, and ſo on till the Break-water is at mem” 
the bottom; but always leave two or three Feet of the 
height of the Abutment not finiſhed, in order to make 
the general Strata which are to level the whole, when 
all is ſettled, and at the bottom, and then being well 


loaded with Gravel, it cannot _ afterwards. 


| Was ancived at the ONS 0 Ge, 8.) hers dern "I 
Tail of the Break-water, A B, abuts into the land, be 

ſure that all is at the bottom before you proceed, and that 

it is ſettled, then continue the Strata to M, when all is 
brought on a level at top: then the whole is covered with 

two or three general Strata, and more if neceſſary, ſo that 

the Summit oo the Break-water is raiſed 4 or 5 F cet above. 

the mean height of the Water. 


VE, | 7. Am 
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i 45 ens re on, ken may be made in the middle of the 
made in the Break—water, (if long) as L, C, fig. 17. which being well 
3 laid and bonded, will contribute much to the ſolidity of 
Placs v. vil the whole. Beſides the retreats ſpoken of which ſhould 
S be made at every Stratum, as the work advances, there 
muſt yet be others in the roundings of the Break-waters; 
theſe Retreats are each of one Foot, and are ſo made that 

the Heads A, of the Bavins of the ſecond Stratum (fig. 
27.) are produced on the firſt Wattles: of the firſt Stra- 
tum B, and ſo of the reſt, round the ſweep, but in the 
Abutment the Strata are W to ll _ pech 19 85 


that is _ out. 


Contain 38. Tas preceding Conftrudion bk well e 
=car de ben there will remain no difficulty in making one at the head 


" of an 


Pall g of an Iſland: the only difference is in the manner of car- 
rying on the Abutments, the firſt of which is made at 
the point of the Iſland A, in the place where the Water 
divides: when the ren is carried on towards D, 
F, E, work to the right and left at the ſame time; che 
Point D, F, E, is ſometimes advanced 12 or 14 Vards 


into the River, to recover ſome Ground the water has 


gained, and muſt be made proportionable thick then, ac- 


Ir 


cording to the depth and rapidity of the River. 
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Ie. . ſometimes chat the firſt Rbutmiest cannot Method of 
making the 


be made at the head of the Iſland, on account of ſome abutment 10 
Building, Garden, &c. (fig. Y,) in this Caſe chooſe the fared at the 
Side, where the Water is leaſt rapid to make the Abut-tad. 
ment M, (fig. 4.) and not being able to do better, aſcend 
by deptets the Stream to G, and then work down to 3, <p 
croſſing the Bavins of the Foundation he on * Rear | 


Ones on the Side 11 G. 

Ts Method ee much time and trouble, and 
ſometimes is expoſed to great Danger, for as the Work is 
carried on againſt the Stream, it diſplaces the Bavins, ſo 

that they muſt ſometimes be kept ſteady, by Grapples : 
but by proceeding ſtep by ſtep, with a little time and pa- 
tience all theſe Difficulties are overcome: but great care 
muſt be taken to cloſe the Bavins, as they turn found i in 
form of the Iſland. | N 


SOMETIMES the Retreats, or Breaks K, (fig. 2 ) ai are made, gere 
but this is a bad Method and liable to Accidents, by the —— 
rr 


whirlings or eddys formed in the Angle L, which may ß 
undermine the Work; this is a * tie Oeconomy, 
and it is better to 3 them thicker, and ſo rounded 
off that the Water may glide gently along without any 
ne" * however ſmall the Retreat, it will conſi- 
I | | derably 


derably weaken the Work, for the Water muſt ſtrike the 
part LK L, with much more force than it would the 
_ pricked line K, K, 1 7 7 this Method ſhould be reje d- 


* 


— 


— _- 59. Ir a 8 water is required to be made at - the 


= we Tal of an Iſland, or conffux of two Rivers (fig. 7.) be- 
lad or wr in at the eee A and B, and continue the Break- 


* caution as before: to carry on this Work properly there 


ſame time, but if there ſhould chance to be but one, and 
the two Branches ſhould have equal Rapidity, firſt work 
a little on one Side, and then on the other, ſo that being 
arrived at F and G, the remainder F G H, may be cloſed: 
but if one Branch is more rapid than the 47: 45 work at 
that moſt rapid firſt, and carry it on to F, ſuppoſing that, 
925 moſt rapid Side. TS 


—_ 7 Conftruthion 5 Ts We ofa Arm of u River as A (fig 5.) of 
1 br, Risen C, and to throw all the Water into the Branch 5 
1 1 make the firſt and principal Abutment I H D, as hig 
daft s as poſſible, as at D, and extend it from D, towards 4 
2 8 or 0 Yards 5 into the Water N the Shore 

Zn £ _ E. Zia t which it is to terminate. As the Work advances, . 


38 . | : CenflruSion of Chap. II. 


— water down from A, and B, to H, with the ſame pre- 
PlatelIL. 


muſt be two Men to lay the Bavins on each Side at the 
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to G, ſwell it a little to the Stream, for it will at length 
make it retreat to the Line X H. 


To theſe kinds of I Break-waters 1 muſt be the ſe- 


| cond Abutment K LI, united to the Break-water by the 


ſweep K LM: and then advance to N, and there make 
another Abutment PO, which ſerves as a Buttreſs to the 
part H GN, and unite this Buttreſs by the ſweep PN, 

which confilezably augments the Strength of the Break 
water: another Abutment RS, is made if neceſſary, and 


having puſhed, on the Work from F to X, make the laſt 


Abutment X V: theſe Break-waters muſt be very thick 
to reit the ow of the Wat if 8 


671. To PERS the ain part of a River into an Arm us of bredh- 


Waters to give 


_ C (fig. 1.) make the Break-water E D F, and advance ita River any 
into the Water, till the Stream has the proper Direction: 


direQion re- 


in this manner one of the great Arms of the Rhine Bien 18 » 


(fig. 16.) which was 160 Yards broad, is reduced to 50 : 
as the Conſtruction of this Sort has been treated of al- 
ready, nothing more need be ſaid of it. When Buildings 


of any kind are ſituated on the Spot where the Break - 


water muſt be as Z, (fig. 1.) let the Abutments be made 
beyond the Extremities of the Building, and the inter- 
mediate Abutments O N, placed ſo that they have no 
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* it is required to gain a piece of Ground as BCD, 
(fig. 6.) which has beet carried off by the Stream, make 
a Break-water B D, from one Elbow to the other, of a 
ſufficient thickneſs,” and good Abutments BA, DE, and 

- whew lt is een fill 3 SON behind with Earth, Gra- 
. Sc., | | | 


33 4 
, 4 


Method . 7 Is: a „ could ak by . or. 


| pairing break- 


waters, when by being ſapp d at Foot, as in fig. 1 1. AI C, ſhews the 
hey ea Summit, level it by the Strata F, G, H, on the old work 
IK B, and cover the whole ee ad Strata D, E, but 
in doing this, begin on the Front, for if it ſhould be 
ſapp d at bottom, and you begin at the Rear, where it 
ioins the Land, it may perhaps thruſt it forward, and ſe- 
Mi it Hg the Land. 


„ 


Smale 1 Tas: is 0+ Aa lt kind of Rn ads 
trallow va. to ſecure the Banks of Rivultts and ſhallow Waters, where 
. every thing is carried on as in the large ones, each Stra- 

tum having a Retreat, and raiſed 18 Inches or 2 Feet above 


the Water: but the Bavins, Stakes, &c. need not be ſo 
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Pr theſe ſmall Works, lay the firſt Stratus dry if poſ- r 
fible, and dig a Foundation for the whole Work, about break waters | 
two Feet deep, ſloping at bottom to the land: if theſe is if poſſible : 
4 or 5 Feet depth of Water, which cannot be drained off, 
make a ſmall Foundation as for the large ones, but not 
ſo thick, and finiſh as before : avoid all turnings though 
ever ſo ſmall, and carry the Work quite ſtraight, and if it 
is crooked Ground, cut it by a Line, quite ſtraight if 
the Labour will not be too expenſive ; ſecure the Foot of 
theſe little Break-waters by Stones, coarſe Grayel, oc. 


Pos, down to the River. 


Taz is 3 Method of making theſe ſmall Break- 
waters, leſs expenſive than the former, but, not near ſo ſo- 
lid, for which Reaſon, they ſhall be only mentioned to 
HER (fig. 34.) of a bed of Bavins along the ſlope BD 
of the Bank AB, which are kept faſt together by the 
Stakes and Wards © * 


64. In every cubical Yard of a Break-water there AſCEtimate of 
the quantityof 


about 7 Bavins, 10 Stakes, one bundle of Wattles, and materials uſed 
not quite half a cubic Foot of Gravel: when this Work 
is done by Meaſurement, each Stratum muſt be meaſured 

by itſelf,- as ſoon as finiſhed, 


THERE 


_ .- Conftru@ion of 7 Chap. II. 


1 Ten only remains now to mention ſome Incidents, 

which may happen during the Conſtruction, which may 
embarraſs the young Practitioner, if not forewarned how - 
to avoid them, or redreſs them. 


S | Method toa- Wu EN the 1 is not at bottom and "XP 
| void or redreſs FP, 


3 s ſhould come a Flood, it ſometimes ſinks all at once, and 
praduragthe when f it 15 two or ths Feet under Water, the Work muſt 
be renewed. on the ſolid Part yet uncovered, and fo car- 
25 on, making a Retreat on the old Work, and load- 
g it well with Gravel; for theſe Works do not bind ſo 


well and firm, as when alli is carried on at one time. 


— 


— — — mY 
SY 


Wan a Break-water touches the bottom, and is not 
muaiſed high enough above the Water, it is ſometimes over- 
flown and ſapp'd, by the Water getting behind, therefore 
it ſhould not if poſſible touch the bottom, bikke it is 
high enough to remain three or four Feet above the Wa- 
ter; and if it is loaded too much without being ſuffici- 
ently adyanced, the Abutment may be ſtrained, and it may 

perhaps break off from it; and if it. is ini g out too faſt 
1 | without being properly loaded, it may be carried off by 
4 WEN the Stream: the Conductor of the Work muſt therefore 

be very well acquainted with the Nature of the ara and 
the time of the Floods penn 
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65. Warn there is an Appearance of rainy Weather, 
and the Floods coming on, long Stakes ſhould be driven" 
in the proper Direction, ſo that their Heads may be ſeen 
above the Water, and by their Direction the new Work 
may always be carried on upon the old: this Frecaution 


15 not bad at all tiques. 


Tas Stratum ſometimes ſinks a : little, before thine is 

time to load it with Gravel, in this Caſe to prevent its 
linking more, and ee the Work, fill up the 
Wattles with Bavins only, and make a new Stratum over 
it, with the Head of every Bavin ſtuck into the Wattles; 
thus there will be no Intervals, and the Work may go on 
as uſual: but if two or three Strata running, cannot be 
graveled, it is a great Defect, but when it cannot be 
avoided, load the work well, when once at bottom. 


"Mrs the leaſt Application to what has been faid, and 
the Figures referred to, nothing can be wanting to the 
young Practitioner: there are many other Methods of re- 
pairing the Banks of Brooks and ſmall Rivers, known to. 
every Peaſant in the Country, and being too trifling to 
merit a place in a Work of this "a ſball be paſſed by: 


unnoticed. 
CHAPTER 


) tracing the di- 
rection in time 


. of a River, 
ſometimes ad- 


64 o SLUTCES:! CiaplII. 


CHAPTER WM 


Of Sluices for facilitatin g the IVavigation of | Rivers. 


The turing GG. ITHER T O we have regarded the frequent 
Turns and Windings of a River, as a great De- 
and ometimes fect, becauſe by lengthening the Paſſage from one Place 
Ser to another, the fall is diminiſhed, (conſequently. the Ve- 
locity,) by having a longer Baſe ; for Example, if two 
Parts of a River are 2,000 Yards aſunder, in a ſtraight 
line, and there be 10 Feet fall in that length, and the 
Turnings of the River make them 20,000 Yards by Water, 
it will have no more than the 1oth Part of that Fall, or 
one Foot in the ſaid length of 2, 00 Yards, and thus its 
Velocity being much leſs, than if it had run in the ſtraight 
» line, ſo far from deepening its bed in time of Floods, 

| i | 1 
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it will inſenſibly fill it up and at laſt overflow the Coun- / 
try. On the contrary, Rivers that have a great Fall and 
are ſhallow, muſt have their Courſes lengthened, becauſe 
the great Velocity in this laſt Cale, renders them incapa- 
ble of Navigation, ſo that there requires much circum- 
ſpection in redreſſing theſe Defects. The levels therefore 
cannot be too exactly taken, to determine the proper Ve- 
locity to render the River commodiouſly navigable; the 
greateſt difficulty is when it meets with Caſcades, ſuch as 
render it dangerous for Boats to aſcend and deſcend. 


67. Tur only Method. te de whit in ach Caſes 1s tobt of Locks 


and Sluices to 


ſupport or pen up the Water by means of Locks and 1 
Sluices, to facilitate the aſcent and deſcent of Boats, with- 

dut any danger, and we are arrived to ſuch perfection in 

the Conſtruction of theſe, and in ſo ſimple a Manner, 

that to appearance, nothing more need be deſired on this 
Subject: but as ſome of our Readers may be totally ig. ä 
norant of their Uſe, we ſhall here give a Deſcription of 

a Lock, that they may the better underſtand what is ſaid 


on this Subject hereafter. > 


68. A Loek; 3 is a Baſon L M, fig. 4, 5, 540 13. 1 
ced in a River or Canal Lagth pee lined with Maſon-- 
ry, and terminated by two Sluices L, M, placed where 


there is a Caſcade or Fall Z, which we will here ſuppoſe 
K occaſion- 


66 


only when the Lock, or Dock is empty ; therefore in Canals the Preſſure of 


r CES *Chap. III. 


occaſioned by the natural fall or ſlope of the Country; 


and ſo conſtructed, that the Baſon being filled with Wa- 


ter by the upper 8 to the level with the upper Wa- 


tets, a Boat may aſcend thro the upper Gate,; or the 
Water in the Lock, being reduced to the level of the 


Water at the bottom of the Caſcade, the Boat may de- 


ſcend through the lower Gate; for when the Waters are 
brought to a level on either Side, Th Gate on that Side 
may be eaſily * 


— 


When the full *Y As the hives Gates are ſtrained, in ane to 


Der dee the depth of e Rhey re (a 0 wen the perpen- 
— dicular 
locks together. 


(a) Method of eftimating the preſſure of Water againſt the Gates of Locks and 
of finding the beft Poſition of the Gates. If a rectangular Surface A B CD, 
perpendicular to the Horizon, plate 8. fig. 5. be preſſed by Water, ſuch as 
the Gates of Docks or Sluices: the Preſſure againſt any horizontal Line a c, 


will be as the Rectangle made by that Line and the depth a A under Water 


and the Preſſure againſt b d as the Rectangle made by that Line and the height 
b A : therefore the Preſſure againſt the whole Surface will be equal to a tri- 


angular Priſm of Water, whoſe Baſe is equal to the Surface A B C D, and 


altitude half the depth A D of the Water. Conſequently this Preſſure is ex- 
- preſſed by the Solid + A B N A A B. or half A B, multiplied by the Square 


OR AD. 


IF 1 and AD be 12, that Solid will contain 1440 cubic ; 
Reed Now, as a cubic Foot of common Water weighs 62 4 Pounds, the Plane 


is preſſed by a Weight of 1440 multiplied by 62 x or 90,000 Pounds. 


But as there is commonly ſome Water in the Chamber of a Lock, which is · 
2 counterpoiſe to that pent up on the other Side; the Gates bear this Preſſure 


the 


cpu „ R 985 
dicular height of the Fall exceeds 12 or 13 Feet, it is 
| divided into many others, each having its Lock and Sluice, 


the Water within the Chamber muſt be ſubtracted wi that on the outfidey. 

and the remainder will be the Preſſure always acting on the Gates. 
From hence the poſition of the Gates fo as to reſiſt the Preſſure of the Water The beſt po- 
with the greateſt force poſſible may be found. For 1. Let A D pl. 24. fig. 5. fition - _ 
be the breadth of the River or Canal: On AD as a Diameter, deſcribe the 8 
ſemi-circumference of a Circle, draw the Radius CB perpendicular to AD, ter with ho 
produce DE ſo as to meet the Circumference in M, and join A M. Now 255 * 
the Preſſure againſt D E or A E is as that Line DE; and as it becomes grea- 
ter, its force decreaſes and the Preſſure increaſes; it is evident that the ſtrength 
of the Gate 1s reciprocally as the Line E D: but by the ſimilarity of Triangles, 
we have DE: DC# DA: DM, and ſince D C and D A are conſtant, DM 
will expreſs the ſtrength of the Gate A E or ED; and becauſe the ſtrength of 
Timber of the ſame Diameter decreaſes, as it increaſes i in length ; the ſtrength 
of the Gates, in reſpect to that of the Timber and the Preſſure together, will 
be expreſſed by D MZ. 

Again, the force with which the Gate A E reſiſts the Preſſure of DE at E, 
is equivalent to the forces EM and AM, the former parallel, and the latter 
perpendicular to DE. Therefore, the Force with which one Gate reſiſts the 
Preſſure of another, is as AM. Conſequently, AM x D DN. ought to be 
the greateſt poſſible. | 

Hence, if AD=a, A M=x; then will D M® =a ex and A Mx 
DM?*=a a x — x3 which will be the greateſt of all when 2*xx=aa; for if 


te Line 2 A D (2 a) be divided equally and unequally, fo as the product of 


the Rectangle a x x by a —2, be multiplied by the middle Part x, be the 
greateſt poſſible, we ſhall find the Value above of x. Conſequently, A D (a) 
is to AM (a/) as the Radius 100000 is to the Sine 57735 of the Angle 
ADM which will be found to be 35 degrees and 16 minutes. 

Circular Gates, not reſiſting the Preſſure. of the Water more than ſtraight 
ones do, and as they muſt be weaker in their Conſtruction and more expen- 
tive, we ſhall take no farther notice of them 1 in this Treatiſe. 


K 2 as 
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as repreſented. in the little Draught at the beginning of 
this Work, and then the Boats paſs out of one into the 
other, by the means already deſcribed : thus if the Fall 
be 17 Feet, two Locks are made, each having 8: feet 
Fall, and if the Fall was 26 Feet, it is divided into three 
Locks, each having 8 feet 8 inches Fall, though ſome- 
times there are but two to ſave Expences : it is therefore 


 Oxconomy r Oeconomy to have many Locks together if poſſible, to 


more ke fave the number of Sluices; for Example, three Locks 


5 en Pon ſeparated muſt have fix Sluices and if they are united they 


require but four. The Conſtruction of theſe Locks and 
- Sluices ſhall be reſerved for another Chapter, where we 
ſhall. treat particularly of Canals of Navigation. 


Where there 70. Stuicss are not only made in caſe of Falls in the 
water, Cuices Ground, but in thoſe Rivers which are ſhallow in dry 
— mrs ov: Seaſons, and ceaſe to be navigable, and they are then made 
drehn g ith two Locks, back to back, one for ſmall Boats, and 
the bout the other for large ones, that there may be no waſte of 
Water; if, on the contrary, there be plenty of Water, and 

it is neceſſary to paſs many Boats at one time, make a 
Plate Vi 5g. great Lock of which the Plate 6th repreſents the half 
_ only GHURK LM, having a Sluice E, in the middle, 
with the Draw-bridge F, with two flyers; we may allo 

_ conſider fig. 35, as compoſed of two Locks joined length- 

ways, having one Fall at C, and the other at D, each 

; with 
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with their Sluices, and the third R, the lower Sluice, next 


the deſcending Side N : then if a Boat enters the Baſon, 


to aſcend, ſnut the Gates R, and P, to fill the Lock with 


Water from above, then belag the Boat into the Lock 

CD, which will alſo paſs at the ſame time to the upper 
Part X, by ſhutting the Gates P, and opening thoſe at 
C, having firſt brought the Water, in the upper Lock to 
a level with the aſcending Side. 


71. "MANA willing to apply the fame Fig igure to all the Ut of double | 
Examples it can ſerve, we will ſuppoſe two Rivers, whoſe ue River 


join of differ- 


Waters are on a different Level, and notwithſtanding this ent levels. 


Difficulty, we would join them to a Canal, navigable at 
all times. At ſome convenient Place 88 a Lock, 


whoſe Sluices D, E, having a double pair of Gates P Q, 
and R 8, that it may be filled to the level of either, by 


the Shutters made in the Gates, conſequently the Boats 
may paſs into either River. 


Ir is thus at the famous Lock of Offend, the Boats 
paſs from the Harbour to the Canal of Bryges, and from 
the Canal to the Harbour, at all times of Tide. As it 


is the beſt contrived piece of Hydraulic Architecture now 
extant, and from whence much Inſtruction may be gained, | 


we will give a ſhort Deſcription of it here. 
72. TRE 
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Deſcription of 72. "Tas great Lock D E, plate 17, fig. 7. capable of 
Ofend, wh containing eight Veſſels at once, each of 300 Tons, is 


of Bruges wihut by Sluices AD, and LET, each 36 Feet wide, hav- 
 Einer7.6g-7. ing double Gates B 2 and F G, that the Ships may paſs 


in or out at all times; although it would not take more 
than half an hour to 10 this, they made a ſecond, ſmal- 
ler OP, for ſmaller Veſſels, having alſo two ue NO, 
P Q), 24 Feet broad, with double Gates alſo: there is 
alſo a third Paſſage with a Sluice, S I, 20 Feet broad, 
ſerving to diſcharge the Water of the 88 and which 


zs defended from the Irruptions of the Sea by the double 


Gates T, R, and which alſo thoſe on the deſcending Side 
C, G, O, 'Q of the two Locks aſſiſt to the end, that if 
the firſt ſhould fail, the ſecond can ſupply their Place, 

and that at the time of Spring Tides, which riſe 20 F ect, 
? theſe Gates may, reciprocally relieve each other. 


By this diſpoſition the great Pry has nothing i in com- 
mon with the ſmall ones, being ſeparated from it by a 
Bank of Earth W in order to make two Mouths. 


Ta ar. Gates B, . F, G, N, O, have no Wickets, becauſe 
Aqueducts or Paſſages H, are made in the Side Walls, or 
Cheeks of the Sluice, cloſed with Shutters, to empty or 
fill the great and little Locks: there are Stairs I, to go 
| b down | 
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down to the Floor when it wants repairing; the Wall 
IZ, prevents the Sea from choaking the Mouth of the 


Canal with Sand, and the Sluices 8 V opened at low Wa- 
ter, greatly contribute to keep the Entrance _ 


Tris great Work. is defended by Fort St. Philip, of 
4 Baſtions, ſituated near the Lock NQ. The Garriſon, 
as well as all the Inhabitants thereabout on the Side of 
the great Lock, fetch their Water for uſe, from a vaſt 
_iſtenM, | in the Wall KL. 0 


73. As flat Rocks of a conſiderable Extent, are = Uſe of a elt 


Sluice to raiſe 


quently met with in ſmall navigdble Rivers, which arethe water, of 


ſhallow Rivers * 


commonly too ſhallow in that Part, to let Boats paſs, andin certain pla- | 
the N avigation will not defray the Exfince of Locks, ori © bad to be 
of cutting a Canal round them, a, Sluige —__ 
to raiſe the Water to a ſufficient Þ De th over the ſhallgy *" 

Place, and yet not be incommodio n „ 


ſuch an one is repreſented in 58. » 1 2 and 25 0 
Plate 5. 4 


fi V. fig. 
23z as 28 


. the Bottom to be a Ro there will be no 
occaſion for Piles, therefore reſt the Foundation of its 
Floor B C, and of its Cheeks X, on a grating, and raiſe 
the reſt as uſual. We will ſuppoſe this Sluice about 16 
or 18 Feet wide, and to be ſhut by means of the Flyer 


FH, 


. 
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F H, balanced with the counterpoize O, at its Extremity 
F: this Piece turns on à Pivot G, and with 3 it three hang- 
ing Stiles K, bound together by an iron Bar which eroſ- 
ſes a little above the Sell V, againft which they reſt, as 
do alſo the Stiles R, mortis'd ſome Inches into the Cheeks 
XXS they are all five in a line, leaving equal Spaces be- 
tween them, and but the three middle ones move with 


the Flyer, when it is turned to open or ſhut the Sluice. 


e 
To open the Sluice they fly againſt the left Cheek, to 
0 the Boats paſs, and to ſhut it, the Flyer is placed as 
24. where its Extremity i 15 ſupported by a But I, 


which can only be ſhewn in the Plan, fig. 25 ; the Man | 
attending the Sluice paſſes over this Piece to the other 
Side, where he f ü 


Ws the ſecond Flyer L M, with a Plank 
wag jor a Bridge, and a hand Rail NP N, 
me Prece, the whole drt ny” on the 


* 

Tus Man theg gets down a number of little Boards or 
Shutters about g inches broad, faſtened to an iron Rod, 
and raiſes them one on another in tlie Grooves K R, til 
the Water is high enough for the Boat to get over the 


Rock, Shoal, &c. and this can be done to an Inch of 
Water, by the ſmall Boards being added or diminiſhed : 
when the Boats are paſſed the critical Place, the Gates 


are 


% 
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are opened with great eaſe, there being only the Stiles K 
of the Flyer F H, which dip in the Water. | 


. Tus kinds of Sluices are very antient, and were the 


firſt uſed in Rivers and Canals ; there are numberleſs Oc- 


caſions where they may be now of uſe, with very little 
Improvement, there are ſome of them on the River Lys 
in France, and at the Lock of Wenay, ſix * from 


Lille. 


73 


74. Tur RE are many other Methods of caifing the Locks and 


Sluices made 


Waters of ſmall Rivers; Leonard Sturm, a Dutch Author, of Timber. 


has given us many Schemes of his own in his Treatiſe, 


but his Figures are ſo bad and ſo incorrect, that we ſhall 
paſs them by here, and prefer a Sluice entirely eonſtruct- 


ed of Wood, more proper for this end: by this Plan, in 


a woody Country, you have every thing required for 
Sluices, Aqueducts, &c. and only want Iron Bolts to 


bond the whole together, and in that very Article, great 
Sums may be thrown away, without Judgment ; but, the 
Germans excel all other Nations in this Method of Build- 


ing, for without one Piece of Iron, they have a Method 


of uniting their Work together, in a manner almoſt in- 
diſſoluble; the only Inconvenience attending theſe Tim- 
ber Sloices, is the decay of the Cheeks, for they will not 
laſt above 30 Years. 


L 75. Tur 
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of 7 5. Tur Foundation being dug about 3 Feet below 
the Bed of the River, trace the Plan of the Sluice as in 
fig. 3. which is divided into two Parts, one ſhews the 
poſition of the Piles L, 21 Feet diſtant from each other, 
and the other ſhews the Sleepers B, and the Rows of 
dove-tailed Piles A, D, G, drove at the Extremities of 
the Sluice, and at the 8 G, F, of the Wings (a) - 

the Piles L, muſt be 10 Inches e and their length 
according to the nature of the Ground, and muſt be drove 
in as far as they will go, and their Heads brought to a 
level, 2 Feet from the bottom. Then the Intervals are 
filled with well tempered Clay , rammed down 2 Feet 
thick, ſo that 6 Inches of the Piles remain a above. 2 


3 


vn bg. 
1, 3, 5 and 


Taz Heads of the Piles are then to be tenon 'd, to re- 
cerve the Sleepers, which are mortois d, and they are funk 
an Inch or two into the Clay, that hike may be no Va- 
cancies, the whole' is then levelled to the upper Surface 
of the Sleepers, to receive the firſt planking of the Floor: 
two Rows of tie Beams are laid over the Sleepers, and 

partly let into each other; theſe tie Beams ſerve as a Baſe 


to the outſide of the Cheeks A BC D, and E F G t of 


Be” Theſe . n e el Piles, figure W. Bas 7. uſed by the French 
* Dutch, cannot be drove down fo true as thoſe figured X, for the latter 
being once enter d at top muſt follow the Rabot, and cannot fly from their firſt 


Direction, as the firſt may, and often do.. 


the 
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the Sluice : the Paſſage is here made 12 Feet wide, but 
may be increaſed according to the Sad pt the Boats uſed 


in the N ige 


of the Cheeks 
into the tie Beams mentioned before,) 2: Feet aſunder, ofthe Slice. 


over the correſponding Piles: and are crowned at top with run vn. 
the head Piece T, into which they are tenon d: 2 Feet 
below this head ' EAN the croſs Beam RS, fig. 6. is fix- 
ed and let 3 Inches into the uprights : 20 Feet behind 
the Cheeks, a Sleeper (fig. 5.) is laid to receive the Tail 
of the tie Beams M Q, whoſe Heads are let into the croſs 
Beams, and the Tails let 3 Inches into the Sleepers: to 
{ſupport theſe laſt tie Beams Q, each is ſtrengthened by a 
| Pile, tenon'd and mortois d together: as theſe muſt be 
kept ſteady, they are ſecured by Piles ul planted as in 
fig. 1. and 5. 5 


76. Tur Cheeks are form'd of the uprights V, been Conſtruction 2 


3 7 


Tur two maſter Uprights V, fig. r. are 20 Feet long, 
ſerving to draw up the Beams X, to open the Sluice; 
they muſt therefore be made as ſolid and firm as poſſible; 
for which Reaſon the Sleeper I K, fig. 1, 3. is longer than 
the reſt, in order to fix the Braces N: to theſe two Up- 
rights are fixed two dented Wheels Z, and a handle to 


ralle + or lower the Beams, by the Chains expreſſed in fig. 1. 
3 . 


4 
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All the groſs Timber Work being finifhed, lay the firſt 


ouaken F loor, and being well caulk' d, pitch d and tarr'd, 


lay the ſecond Floor of red Deal, covering the Joints of 


the firſt. 


Tat inſide of the uprights of the Cheeks are lin'd with 
oaken Planks G, fig. 6. the Joints caulk'd and then co- 
vered with Laths and the back of the whole lined with 
Clay 4 Feet thick A, fig. 5. the reſt is filled with com- 
mon Earth: the outſide Facings of the Cheeks are alſo 
covered with oak Plank, caulk d, pitch'd, and tarr'd, nail'd 
to the Uprights, and the Interval fill'd with Clay well 

mm'd down: as the falſe Flooring or Break-water in 
front is made of Bavins ſtaked down, in the manner that 


Fes Sort of Work has been nearly deſcrib d, I ſhall only add 


that it is a common Rule to make its length five Times 
the height of the Fall, and the end ſuſtained by a Row 
of dove-tailed Piles, the whole doping like a Glacis. 


— of 97, THE We in this Work are 10 or 12 Feet long, 
we wood and 


zon work. according to the nature of the Ground, and 10 Inches 


ſquare ; The dove-tailed Piles 8 or 9 F. eet long, and 5 
Inches thick; the Sleepers 10 Inches by 12: the tie Beams 
13 by 1 5 0b the Uprights 11 or 12 Feet long, and 

10 Inches by 12 thick, en the two that are 20 Feet 


long 
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long which are 12 Inches by 14; the tie N in the 
Rear, and the croſs Beams in Front, 10 Inches by 12; 
and their Piles 9 Inches ſquare; the Head Piece 10 by 
14 Inches; the Oak Plank for the under Floor, and the 


inſide and outſide lining of the Cheeks 2 Inches FFI 
and thoſe of the ee, Floor 11 Inch. 


"A ds out of the Water ſhould be kept in the 
mortoiſes by Iron Bolts and all under Water by oaken 
Pegs : the tie Beams under the Uprights muſt be faſten'd 
to the Sleepers with bearded Iron Pins, about ro Inches 
long and 1 ſquare ; the Tail of each tie Beam Q, faſten- 

ed to the Sleepers in the fame manner, as well as their 
Heads to the croſs Beams, and if neceſſary by Iron, 8 8, 
of about forty Pound weight each. 


78. Tas Method of ſhutting the Sluice by a Vann or Varow me 
Shutter CD, fig. 2, 3. plate 7. is preferable to the Beams, in ug, See: 
eſpecially if awe be only 6 or 7 Feet depth « of Water to wide. Bs ay 
ſupport : fig. 4. ſhews one raiſed by a Screw, and Rs 
are fit for Sluices to Water a Country, becauſe when the 
Wheel A Bis taken off the Screw E F, it cannot be 
raiſed without the ſame or another cats Screw, be ap- 


plied to it. 


Various © 
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„ Methods are uſed to ſhut Shulces under 24. 
Feet wide: in Sluices from 10 to 15 Feet wide, a fingle 


Gate is made, which is ſometimes opened by means of a 


Capſtane ; at others the upper Rail of the Gate is made fo 
as to go beyond the Pivot Poſt, and from thence made 
much thicker and heavier, to be a kind of a counter-ba- 
lance to the Gate; the end of which being preſſed down- 
wards by ſeveral People, and 9815 turned round, opens 
the Gate 268 


SOMETIMES ſingle Gates are uſed of a much larger Size 
than the former ; theſe Gates have their Pivot Poſt nearly 
in the middle : fo that the largeſt Part of it turns towards 


the Stream when the e; is to be opened, and the leaſt 


the contrary way. 


Tu Pivot poſt muſt be placed in an a manner, that 


the Preſſure of the Water againſt the largeſt Part may 


keep the Gate ſhut cloſe, and at the ſame time that there 
may not be too great difficulty to open it. It has been 
found by Experience, that when the Preſſure againſt the 


largeſt Part exceeds that againſt the leſſer, by one ſixth 


Part, it is ſufficient ; whence it is eaſily proved from the 


known Principles of Hijdroftatics, that if the width of the | 
 {malleſt Part is to the width of the largeſt, as 12 to 13, 
it will anſwer the ſaid proportion of the Preſſure. 


WickeTs 
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W1ckETs are made in this manner, and found very 
convenient ; becauſe the great preſſure of the Water againſt 
the common Sort, makes their opening very troubleſome ; 
whereas this Sort. are opened and ſhut, with great eaſe, 


and very little labour. 


79. Wairr we are ſpeaking of Timber Works for the Snus 
_ conducting of water, we will give a Deſcription of a KG evil 0 
of Aqueduct, made acroſs the Bank of a River or Canal, 

either to form Inundations, to drain a wet Country, or 

to fertiliſe a dry one. 


Tas depth of the Fondation being regulated by the 
height of the Surface A B of the Floor, drive two Rows 
of Piles D, of 8 Inches ſquare, parallel to each other, 4 
Feet diſtant croſs ways, and 3 only lengthways of the A- 
queduct; each Row is let into the tie Beams Z, of 8 
Inches by 9; and having driven 3 Rows of dove tailed Piles 
G, at the entrance and outlet, faſtened to the croſs Beams 
AB, of 10 Inches ſquare, lay a good Bed of Clay T 2: 
Feet thick, and 10 IGG ne as a Foundation to the 


Floor. 


On the tie Peking let in the Sleepers E, of 8 F eet long, 


and 8 or 9 Inches ſquare, and in the Intee wb lay the 
Planks. 
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Planks D, of two inches thick, nailed on the tie Beams, 
and well filled with Clay between ; then this Flooring is 
alſo covered with Clay to fill the Spaces between the Sleep- 
ers, and even with their upper Surface, or which is till 
better, fill this ſpace with Bricks and ſtrong Mortar, then 
lay on the ſecond Floor V, of the ſame thickneſs as the 


firſt, that is 2 Inches. 


8 "0 the Sides, tenon the uprichts K into the Sleep 
ers, theſe Uprights are 8 Inches by 9, raiſed 7 Feet above 
the Floor V, and are joined by the Braces L, fig. 2. of 7 

by 8 "Oy (ſerving to ſupport the Cieling A) and are 

mortois d with the Head Piece F as fig. 1, 2. the lining M, 
of two inch Plank is nailed to the Dorichts and the "i h 
terval lined with Clay or Brick Mortar, like the Flooring, 
and then the inſide lining of two Inches is nailed on. 


1 che Timber Work 1 done, raiſe the Clay £ S, 
(fig. 2.) to the Crown R (fig. 1.) of two Feet thick, 10 
that the whole be incloſed in this Clay Work as fig. 4. 
which repreſents a Section cut at the Place CD, of the 
Plan, where the Shutter is fixed, halt of which. only is 
ſhewn, ſuſpended by its hook P, e to a Cric ap- 
plied to the Head Piece V, of the two great Uprights, 
where a little Scaffold Q is fixed, fig. 1. for a Man to ſtand - 
on to raiſe it. 7 | 
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Tur falſe Flooring or Break-water X, is made of Ba- 
vins, kept in their birth by the dove tailed Piles HI as 
uſual, and laid on a Foundation of Clay. The Plate 
liek ſufficient to explain the reſt of the Work, we ſhall 
only add, that great Care muſt be taken in filling up the 
Bank again over the Drain, ſo that the Water may not ſoak 
through; and the inſide of the UNCUT. is now reduced 


to 31 Feet broad by 5 high. 


80. Warn Rivers are ſmall, and the Navigation not Plate Ix. 6g. 
conſiderable enough to defray the Expences of Locks and® * . 
| Sluices, the Dutch and Flemings, to this Day, uſe rolling Rolling bna- 
Bridges, to draw the Boats dry, over theſe inclined Planes, Buch. TED 


wherever there 1 is a Fall or a Shoal. 


Ir was the only Method the Antients had, and which 
is yet practiſed by the Chineſe, who notwithfinling! the Chineſe igno- 
rant of the uſe 


great Ingenuity, which we (perhaps falſely) attribute tO of Sluices. 
them, do not yet know the Uſe of Sluices. 


F . 6% repreſents two of theſe Bridges called . IX. fig. 
Bridges, becauſe to prevent the friction, the Boats paſs*** 5 
over rollers : they are commonly placed by the fide of ſome 
Mill, that the Machinery may ſerve for more purpoſes than 
one; the firſt AB, is ſituated by the fide of the large 
Wheel R, which moves the Parts O, P, Q, of a Saw Mill, 

M | 8. 
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deepen the 
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and which either aſcends or deſcends the Boats L, by the 
motion this Wheel communicates to the Machine, S FG 


M, ſerving to unroll or wind up the RopeCKH of the 
Roll, which the by rame DTE 1 crea 


Fi. 5. ſhews one Boat rnding tom E to B, and ano- 


ther deſcending from B to A: the firſt is eels by turn- 
ing the Rollers, by. means of the Leavers L, fixed to a 


point N, and the Capſtanes G, I and the Tackles H. 


When the Boat is come to the ſummit of the Bridge, two 
Men' placed at K are ſufficient to make it deſcend by the 


aſſiſtance of the Ropes D, EF. 


81. Witks N Rat are very ſhallow, and their Beds of 


— ſo ſtrong a nature, that the Stream cannot deepen. them, 


v 2, 3, G, 7. Machines are 12255 uſe of to tear up the Beds. 


TRE moſt Ty of this Kind is fig. 1. in form of a 


Cart with the Train B C, in which is fixed the Pole A 
armed with Iron at the end, which a Man directs, like a 


Plow, to looſen the Earth which is carried off by the Stream. 
A large ſtrong Rake as A D, fig. 3. is alſo uſed, which 
has a Train CE, drawn by two Horſes, as alſo the ſmall 


Boat, in which the Man is r to direct the handle 


BW 


h rk „ Wins 
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cupine A (fig. 6 and 7.) is uſed, compoſed of a number ain a 
of Wheels of Wood, 5 or 6 Feet diameter, and its Cir-6 ad 7; 
cumference armed wich Iron Spikes : theſe Wheels are 

fixed to a-common Axis B C, whoſe Extremities have two 
Trunnions, round which paſſes the Ropes B D, CE, made 

faſt to a Boat rowed by two Men, by the Oars F F, and 
Rudder I, and as the Machine moves on it muſt make as 


many Furrows as it has Rows of Teeth. 


Woerrs the Water is deeper, A Archie calleit a Por- enge. to 


Th fame Machine is uſed as in fig. 8. by fixing the 
Ropes of the Porcupine , to the Capeſtan G, of a Boat 
at anchor: then two Men draw the Machine up againſt 
the Stream, for 20 or 30 Yards, and when it is arrived 
near the Boat, the force of the Stream is ſuffered to carry 
it down again, by acting on ſmall Boards, fixed to the 
ſpokes of the Wheels, as 1s ſhewn in the figure. 


In the little French Treat ife of nd Rivers naviga- 
ble, from whence ſome of theſe Figures are taken, there 
is another as fig. 2. conſiſting of a Lighter or large Boat, 
with a round hole in the middle, which has a Tambour 
C, raiſed to prevent the Water getting into the Boat; 

0 through this hole is introduced a kind of Awger, ite | 
on 2 purpoſe to bore hard Ground, which is raiſed by the 
M 2 part 
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part I, fixed to the frame K, which two Men turn by the 


ee e E; they work on a moving Platform G, which can 
be raiſed or lowered by the Uprights BD, and the Tum- 
brels A, acting againſt Teeth cut in the Uprights. 


Wren the Bag I is full, it is emptied into another Boat, 
45d when a number of Holes are made, the Porcupine, or 
ſome ſuch Machine, is drawn over them to tear up the 
Surface, and the Stream will carry it off: if the Place is 
dry, two Men can work as at L, and then it is a very 
154 5 and 1 quran method. 


Cauſe of the 82. Tun Entrance or Mouths of Rake are commonly 
che ſhalloweſt, becauſe the Velocity of the Water is 125 
1 "0 meas of te- ſo diminiſhed, by the little Fall of the Bed, and by 

1 Dos ata Bas ſpreading - widening, that it 1 55 Mud, Sand, Ge. 


1 wherever i it overflows. 


=_ 18 SOMETIMES a new Bed is obliged to be cut Fay ſecured . 
by Banks and Jetty Heads, as at the Bar of Bayone, and 

the River Aa in France, which is alſo defended by Break- 
waters placed at proper diſtances: the Water thus pent 
up, will deepen the Bed by its rapidity, if the Soil be not 
too hard and tough, in which caſe ſome of the Machines 
deſcribed, are made uſe of; but to deepen the Mouth of 
a large 
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a large River, to remove a Bar in a Sea- port, or to clean 


large Canals, ſuch a Machine muſt be uſed, as in the Ports 


of Toulon and Dunkirk, of which the following is a De- 


ſcription. 


83. Turs Machine conſiſts of a Lighter or Gabbard, Deſeipion of 


the machines 


- 53 Feet long, 18 broad in the middle, and 41 deep; of at Tabs and 


Dunkirk, for 


two Wheels, one 227 Feet diameter, and the other 1 2 ; ceanfing the 


of two Ladles A, B, to take up the Mud, Sand, Sc. Paus x. XI & 


alternately by the motion of the Wheels, turned by the my 


Sailors of the Lighter. 


To the Axle-tree of the great Wheel are fixed two. 
Chains of Iron CE and I paſſing over the Wheels C, F, 
from thence they reach to the Ladles, the Chain CE 
paſſing under the Axle-tree and the other F G over it, 
ſo that one is wound up, as the other is let out, according 
to which way the great Wheel turns; to which alſo con- 
tributes the little Wheel by two Ropes Z Y, S D, call'd 
draw-backs, which muſt be rolled on the Axle-tree the 
contrary way to the correſponding Chains, as is diſtinctly. 
ſeen in Plate II. and alſo each Ladle fixed to the long 
handle MN, ſupported between two Rollers H I, and 
kept ſteady from ſlipping aſide by the Pieces KL. 


Trae 
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Tur Sailors turning the two Wheels the ſame way as 
in Plate X. the Chain A F G, rolls round its Axle- tree, 
as the draw-back DS is unrolled; then a Boy placed at 
R, ſeizes and faſtens the Rope to a Cleet, nailed to the 
Upright, which he has hold of, to prevent the Ladle 
flidding any way but backwards, which retreating Moti- 
on is regulated alſo by the Maſter-of the Gabbard Q, who 


Holds the Rope OHP in his hand, this Rope'is fixed to 


the Pole N M, from whence it paſſes over the Roller H, 
under which is the Maſter, who makes a purchaſe round 
the Cleet P, to let it go by degrees, that the Ladle A 


may force itſelf the deeper, according as the Man turns 


the Wheel: the Boy on his part, lets go the Rope he held, 


in order to give way to the action of the Ladle A, till 


the handle is in a perpendicular Poſition, and then it 
falls on the Roller I, when the Maſter lets go his Rope, 
and paſſes to T to wait till the Ladle A, is come up, (in 
the Situation of B) to open the Door by means of a Gaff 
X ; then the Contents falling into-another Boat, the Door 
is ſhut by means of a ſpring Latch, by puſhing it with 
the Gaff. This operation over, the Sailors go from TI to 
V, to turn the Wheel the contrary way, which can only 
be done as the Chain F G, lengthens, to let the empty 
* 5 2 and as the Rope DS is wound round its 
87 
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Axle- tree: on the contrary, the other Z V, 1s rolled up 
as: the Chain. CE, is let out, to place the Ladle B, in the 
poſition A, appears in, and is filled and emptied as tother 


Was. 


To work this Machine properly, it muſt be moved by 


fix: Cables fixed to , and to four Anchors diſpoſed as 


figure &, to move it forwards, backwards, or ſideways as 
required. The Maſter ſlackens or tightens the Rope of 
the Handle, according to the reſiſtance of the Bottom, for 


if he tightens it too much, there may be danger of hurt- 


ing ſome: part of the Work, by the force of the great 


Wheel, and if he ſlackens too faſt, the Ladle may ſlide Deſcription of 


the Machine 


over: the Bottom, and not go deep enough : the Chains uſed a Teen 


are made long enough to work in 30 Feet depth of Wa- 
8 3 

Tu Ladles form two Trenches at bottom, almoſt the 
length of the Lighter, and by ſhifting the Machine ſide- 
ways, there will be a number of theſe Trenches parallel 
to one another, and at laſt will be all torn into one. 


Ir is thus, the Harbours of Toulon and Dunkirk are 


kept clean, and which would very ſoon be uſeleſs if theſe 
Machines were not 12 at e 


Tus 


and Dunkirk. 
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The Ladle. 
Plate XII. 


Alachine for cleanſog Chap. III. 


Tux Ladle being the principal part of this Machine, 
it is drawn at large in Plate XII. fig. 1, 25 3. in different 
Poſitions; as the ſame Letters anſwer in each figure to 


the ſame Parts, a ſhort Explanation will ſerve: the Sides 


and Bottom are of Iron, and the back Part of Wood to 


fix it to the Handle X, fig. 2. the middle Piece I L, is, 


fortified at its Extremity L, with a plate of a1 which 
ee like a Shovel on the Bottom. | | 


Tas Dae A, at the Back, hangs Got B, aud is ſhut 


by the ſpring Latch C D, the ſpring E F, playing againſt 
the End C, to keep it in the Staple I, from whence it 


cannot be moved by any Accident, as it plays through a 


Hole in the Strap G H, and when the Ladle is up, and to 


be emptied, the Maſter ſtriking the end C, with the Gaff 


S V, (fig. 10.) the Door flies open, and is ſhut by puſh- 
ing it with the point of the Gaff. The Dimonſions of 
each Part may be found by the Scale; the Ladle when full 
contains about 1 2 cubic Feet of Mud, &c. 


17 15 Attendants on this Machine are, a Maſter, whom 
we will ſuppoſe to have 1s. 6d. per Day; three Sailors at 
10d. each; two Boys for the little Wheel at 6d. each, 
and four Sailors to the loading Boats, each at 109. thee 


fore by this Eſtimation, the daily Expence is 8s. 4d. but 


we will ſuppoſe it 10 LESS. 


Turks 
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Turk are two Boats to carry off the Mud, Sc. each 
containing 18 cubic Yards or 162 Feet, which Load is 
regulated by a Mark before and aft the Boat. 


Wren the Machine works in a ſlimy Bottom, in 6 or 7 
feet Water, it will raiſe in Summer 11 or 12 Boat-loads 
in a Day, and in Winter 8; in 12 or 15 feet Water, 8 or 

9 Loads in Summer, and 6 in Winter; and if in 25 or 
30 feet Water, it will raiſe but 6 or 7 Loads in Summer, 
and 4 or 5 in Winter, ſo that at a medium, raiſing each 
Boat load in 7 feet Water will not coſt more than: one 


NEG and in. the Hong Water, not two en. 4 


TIS Mackine is not col e in Harbours, but in 

many other Caſes, ſuch as Foundations under Water, clean- | 
ſing Canals of Navigation, or making Drains in watry or 
marſhy Grounds, quite impracticable to be drained. any 2 
other way; the Expence of working the Machine is tri- | 
fling, to the Quantity it removes, indeed the Expence of 

the Conſtruction muſt be compared to the importance of 
the Work; the charge of that at Toulon, is rated in tlie Expence of 


King's Books in 1745, at 10, 00 Livres, including beg. | 
two Boats; that 1 ls about 4. 460 Engliſ.ſ. age 
| > fon: 


N. CHAPTER 


90 ir Executed Chap. IV. 


CHAPTER W. 
Of the moſt celebrated | Canals made by the Antien ts. 


P ” : a / ; * 4 
eee 1 1 2 an n 


Canal from 8 3. | H E moſt antient Canal which Hiftorians men- 


1 tion, is that which joined the Red Sea to the 


1 Tag un, but as the moſt of them do not agree 
on the Uſe of this Canal, ſome pretending that it never 
was navigable, and others that it was perfected, and laſted 
many Ages, we will conſult the beſt Authors on this Head, 

altho it cannot be denied that this Canal was the Ge 
of the great. Commerce of the Egyptians; we will there- 

fore begin with the celebrated © 17. Huet, Biſhop of A.- 
1 “ ranches, who, in his Commentaries on che Navigation 
of King Solomon, ſhews how the Fleet of that Prince 

could paſs from the Red Sea into the Mediterranean, 


'to 


* 
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to join that of WMram King of Tyre, to proceed toge- 


ther to Ophir in ſearch of Gold, as it is mentioned in 
the 9th Chapter of the 3d Book of Kings. The Bi- 


ſhop, after many learned Diſſertations, thus expreſſes 
tyoaſelt 1 in Art. 6. of the firſt Chapter. N 


84. * Bur why do * EP 3 10 3 to Hue's De- 


ſcription of 


find out how the Brian Vellak made this Voyage, ſince i Ca 
at that time they had ſo eaſy a Way: in effect, from 


the tranſportation of theſe Brian Veſſels, we muſt con- 
clude that the Kings of Egypt had joined the Mediter- 


& ranean to the Red, Sea, by a Canal, even before the 
time of Solomon; for who can perſuade themſelves but 
that the Egyptiaus, a Nation fo laborious, and accul- - 


tomed to Works of this kind, in turning the Waters 


of the Wile off or on, and who with immenſe Labour 
had' raiſed thoſe. wonderful Pyramids, could have ne- 


glected joining theſe, two Seas, which aſſured them of 


ſuch infinite Traffick and Advantages. This is not a 
ſimple Conjecture, ' an Arabian Tradition aſſures us, 
that the Wile was joined to the Arabian Gulph ; they 


have carried the Epoch as far back as FP nw Yin and 
have attributed tha Execution to Totis, or as ſome, call 


© 


5 There 3 is a 3 now extant, which joins the Kap arcs ts the Th Erie, 


ſuppoſed by ſome to have been made by Ch, father of Nimrod, by others, 
much later, by Cambyſes king of Perfia if this was done by Gb, it is cer- 


r the * and moſt antient. 
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uh „ bim Tarfs, Kiog of Egypt : Strabo declares the Work 


was only begun under Se/o/tris, and afterwards pretends 
that it was finiſhed by that Prince before the Trojan 
„% War! Now the Trojan War, was before the Reign of 
* David, and by the Teſtimony of F/e Bus, Sefeftris, 
= en in Scripture by the Name of Se/ac, did not 


ive till a long time afterwards, and was cotemporary 
with Reboan, though this opinion is oppoſed by moſt 


< Greek Authors. We muſt therefore conclude that this 
< Canal- was perfeQed before the Rei gn of Se/oftris, but 
being choaked up for want of Care, this Prince re- 


4 MF ace and deepened it. Many Antients are of this 


opinion, and alſo affirm, that aſter the Deſtruction of 
« Troy, Menelaus croſſed the Arabian Iſthmus by a Ca- 


7 nal to penetrate into Zthiopia. Vet this Reparation 


4 which is attributed to | Se/o/tris, is alſo attributed to 
« Pſametichus, his Son, and Herodotus gives the honour 
« of it to Neco, his Grandſon; however the Work was 

4 not compleated at that time, nor many Vears after- 
« yards; for Darius would have finiſhed it, but was a- 
« fraid that the Waters of the Red Sea, being higher 
than the Land of Egypt, would overflow the Country. 
« Yet this ſame Herodotus ſeems to think that Darius 

4 perfected it. Ptolemy-Philadelþhus made a Canal from 
« Bubaſtus to Arſme, and to ſtop the impetuoſity or the . 


by —_— Sea, which would have ruſhed 1 in "tain great Vio- 
lence, | 


Chap. IV. by the AnTiENTsS. 4. of 
* lence, he added * Sluices : we alſo find by Strabs, that 


« in the time of AÆAlius Gallus, the communication of 
&« the Mile with the Arabian Gulph was free for the Mer- 

&« chants Veſſels of Alexandria, and that from thence they | 
« paſſed into the Indies. Yet I do not believe that this 

“Canal was navigable for large Veſſels : for why would 

Cleopatra think of conſtructing Machines to tranſport 

her Fleet by Land, at ſuch an immenſe Expence and 

9 Labour, if there had been any other way. 


« T Emperor Trois e repaired it, and 
„% gave it his Name, as Ptolemy had done before him: 
« the Caliph Omar towards the End of the Reign of He- 
“ raclius, commiſſioned Amr: the Son of Aſus to clean 
„ it, being choaked up for want of Care. This Canal 
is the ſame which the Arabs believe that Totis King of 
„Egypt made in the time of Abraham the Caliph Ha- 
« rem repaired it, and ornamented it with a marble Wall. 
« Some Sultans of Egypt, their Conqueror Selim Emper- 
& or of the Turks, and his Deſcendants have worked at 
« it, and put it into the State it is, at this Day; but it 

s only ſerves to overflow the Lands of Egypt, at certain 
“ Seaſons of the Year: the Quantity of Mud which is 


e at the Bottom renders it uſeleſs to Navigation. 


3 The Antients called every Work made to ſtop. the Water, a Sluice : 
therefore we muſt not infer that this Term ſignifies ſuch Sluices as we make 
at Preſent, as it can be proved that they were quite ignorant of them. 


85. «KT 
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Concluiion of . 8g, „ I THINK we cannot in the leaſt doubt, as well 
4 by the Deſcription of the Antients, as by the Opinions 
« of the Moderns, that this Canal which Se/o/tris repair- 

ed, was the ſame that Darius, after him Ptolemy-Phi- 
4 ladelphus, and at laft the Caliph Omar worked at, at 
different times. This Canal extended from the Town 
of Fuflata, now Grand Cairo, to Cly/ma, a Port in the 
«* Red Sea: which is confirmed by Elmain and Euthycus, 
“ to whom we may join Herodotus, who places its be- 
« ginning a little below Bubaſtus it is in fact that Part 
«of the Mile neareſt to the Sea, and the moſt eaſy Place 

to dig a Canal in, for according to Pliny, this Inter- 
“ val is not above 62,000 Paces. The antient Authors 
« almoſt unanimouſly agree that the Kings of Egypt and 
« of Perfia, Sefoftres, Pſametichus, Neco and Darius were 
« diſſuaded from finiſhing this Canal, becauſe it was found 
4 that the level of the Water of the Red Sea was higher 
than the land of Egypt, and that they apprehended that 

4 the Iſthmus being cut through, the Sea not finding any 
“ barrier, would overflow the Country : thus alſo fays 
« Ariſtotle. Driodorus adds, that it was for this reaſon, 
te that Ptolemy, - when he had finiſhed this Work, which 
“others only begun, made a Sluice to ſtop the impe- | 
“ tuoſity of the Sea. Pliny ſays, they found the Water 
6 of _ | Red Sea three ane higher than the Lands of 


(e Egypt 


nd 
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„% Egyßt, but alledges another reaſon for not finiſhing it, 
„which was, that they apprehended that the Sea Water 
„would ſpoil that of the Mile, which was the only Wa- 
ter the Egyptians had to drink: but Srrabo ridicules 


« theſe Princes, and abſolutely denies that the Red Sea, 


E 
6 


was higher than the land of Egypt. Fournier and Ric- 
cioli have proved this by demonſtrating that all Seas (at 

© leaſt where the Water ebbs and flows) are in the ſame 
e equilibrio. We muſt therefore conclude that the Sluices 
which Ptolemy made in this Canal were only to raiſe 
&« the Waters of the Red Sea to a proper height where 
„ neceſſary. It is now ealy to conceive how the Veſſels 
of Hiram King of Tyre, could go from Tyre to Ezion- 
geber; there was no fear that Pharaoh King of Egypt, 
would trouble. them, as King Solomon, for whom this 
Fleet was equipp'd, was his Son-in-law, and perhaps 
© theſe Veſſels paid ſome tribute for the merchandize they 
& brought. It is therefore without Foundation what Va- 
e tables and Grotius have aſſerted, that it was from the 
„ Ifland of Tyre in the Eryibi nad or Red Sea, that Hi- 
« ram ſent the Veſſels for Sotomon, as if the Phenicians 
© had Fleets or Ports in a ſmall Iſland, then ſcarcely 
& known.” abs A 5 


86. Al- 


98 
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2 86. Al rhovcn this Extract of the Biſhop's diſcourſe is 
Canal proved. very authentic and convincing, yet we cannot paſs by ano- 
ther which confirms the preceding, taken from The Hiſtory 

of the Royal .Tcademy of Sciences for the Year 1702, where 

AL. de Fontenelle gives an extract of a Memoir of M. De- 

liſle, that celebrated Geographer, invincibly proving the 
Exiſtence of this antient Canal: M. le Comte de Pont- 

w chartrain ſent Deliſſes Memoirs into Egypt, in order to 
rectify our Maps of that Country. Theſe Memoirs were 
accompanied with very ſtrong recommendations to the 
Conſuls and Vice-Conſuls; it was alſo by the Count's 

orders that M. Boutier went over all Delta, and ſent the 


Count home a Map, with a ſhort Hiſtory and Explana- 


tion. Deliſie to whom the Count ſent the whole, laid it 


before the Academy; but what is moſt rEmarkable in this 
- Map, is the end of the Canal, which comes from the 
_eaſtermoſt Branch of the Mile, ny” which Deliſle judges 
muſt have been part of that which made the communi- 
cation of the Mile and the Mediterranean with the Red 


Sea. 


As this antient Canal, which Deliſſe eſtabliſhes as an 
indubitable fact, was unknown to the moſt learned, we 
were glad to find ſo clear and convincing Proofs of it, 
and for the moſt part in Places ſo well known, that al! 


Chap. IV. by the ANTIENTS. 


the difficulty that remained was to know how it lay fo 
long concealed. 


Herodatus in his 2d Book ſays, that there was a Canal 
in the Plain of Egypt drawn from the Mile a little above 


Bubaſtus, and below a Hill on the Side of Mempbis; that 


this Canal extended a great way from Weſt to Eaſt, and 
then turned towards the South and returned to the Red 
Sea; that Neco Son of P/ametichus firſt undertook this 
Work, where 120,000 Men periſhed ; that he abandon- 
ed it on an anſwer from an Oracle; but that Darius Son 


of Hiſtaſpes finiſhed it: that it was four Days Naviga- 


tion, and that two Gallies could pes __ Side each 


other. 


Diedorus agrees with Herodotus, except that he leaves 


the Canal unfiniſhed by Darius, to whom ſome wretched 
Mathematicians repreſented that the Red Sea being high- 
- er than Egypt would overflow it, and therefore the Work 
was not finiſhed until the Time of Ptolemy-Philadelphus . 
he adds, that this Canal was called the River of Ptolemy ; 


that this Prince, at its Mouth in the Red Sea, built a Town, 


called Arſinoe, after the Name of his favourite Siſter ; and 


that he could open and cloſe this Canal as it was neceſſary . 


for Navi gation. 
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. book 17. of his Geography, agrees in every 
thing with Diodorus; it only remains to reconcile Hero- 
datus, who makes Darius finiſh it, with Strabo and Dio- 
dorus, who give the honour of it to Ptolemy ; _ this 
might happen to a work. of this nature, as ſo many in- 

conventencies and obſtacles might ariſe even after it was 
once finiſhed, as to render · it uſeleſs to thoſe who work d 
at it uur years afterwards. 


Ar the point of the Gulph, which we call the Red Sea, 
were two Towns Heroopolis and Arſe, which, icoordiog: | 
to Strabo, was alſo called Cleopatris; but the 55 Strabo 
ſpeaking at the Expedition which #7%us Gallus, firſt Go- 


vernor of Egypt, for the Romans, made in Arabia, ſays, . 


that Gallus conſtructed Veſſels at Cleopatris, near an an- 


tient Canal that came from the Mile; in 6ther Places he 
ſays, that Heroopolis was on the Nite, and at the Extre- 
mity of the Red Sea. 


M. Deliſle has even ſearched the Arabian Authors, 
Elmacin. Book 1. ch. 3. fays, that in the Year of our Lord 


635, Caliph Omar made a Canal to tranſport the Corn of 


Egypt into Arabia, to all Appearance he only renewed 
the old one, as the Navigation might have been neglect- 
ed in the decay of the Roman Empire; but in the Year 

» of 


Chap. IV. by the AnTienTsS. 99 


of the Hegira 1 50, that is in the 755th Vear of our Lord, 
_ Abugiaſar- Almanzor opened this Canal next the Sea; if 
this Navigation is ever renewed, the World .will change 
its Face ; China, France and Berne may become Neigh- 
; bours, Ll the fate of thoſe barbarous Ages when the Eu- 
ropeans were obliged to double the Cape of Good Flope 
to go to Af a, will be pitied. 


87. Firat Secard, a eſuit Miſhonary 1 in Egypt, who Father S 


card's Letter - 
for the accuracy of his Obſervations, 1s credited by all from Caire, 


Europe more than any other Traveller, wrote a Letter ſtenc of thi 
from Cairo, June 2, 1723, worthy of Notice, and which 

is in the 7th Vol. of Lettres edifiantes. The Father thus 
expreſſes himſelf, © As I was not far from Phacu/a, I went 

&« to the Spot, to aſſure myſelf of what IT had read in 

« Strabo. I there found inconteſtable Proofs of that fa- 

„ mous Canal, the Work of Se/oftris, continued by Da- 

&« rius and Ptolemy-Philadelþhus : this Canal begins at 

de Phacuſa on the Mile, And makes an advantageous com- 


ce munication from that River to the Red Sea.” 


88. We cannot t better conclude theſe Authorities than Rein agrees 
by that of M. Rollin, who thus expreſſes himſelf in his gn a 
firſt Vol. of Antient Hiſtory. The Canal which joined 
„the Ned Sea and the Mediterranean, is not one of the 


Ty O 2 ſleaſt 


Canals Executed Chap. IV. 

1 leaſt Advantages which the Mile afforded Egypt. This 
Canal had its beginning near the Town of Bubaſtus, 
it was 100 Cubits, that is 50 Yards broad, ſo that two 
<&' Boats could paſs with eaſe, deep enough for the lar- 

_ & geſt Veſſels, and above 100 Stadia, that is 50 Leagues, 


* long: it was of great Uſe in Commerce, at preſent 
* ſcarce any Signs remain of it, being almoſt filled up. 


89. Tus n Genius of the Romans made them 
trouble themſelves very little about Commerce, becauſe 
all the Nations they had conquered, traded to the profit 

of the Conquerors, who thus enjoyed every Thing uſe- 
ful and agreeable that the World produced : yet they ex- 
ecuted a great number of magnificent Works for its Ad- 
vantage; how many Ports did they improve on all the 
Coaſts of the Empire ? on the other hand, the grand 
Bridges they made were not leſs deſigned fog Commerce, 
than for the Paſſage of their Armies and warlike Stores: 
nor did they only make thoſe great Roads for the Com 
munication of all Parts of their vaſt Empire, but alſo ren- 
dered moſt of the Rivers navigable, and joined them by 


| SomeTInes alſo their Generals dug Canals for the monk 
portation of Subſiſtence, or to ſerve as a Barrier againſt 


their Rn Bergier in his Hiſt. des * Chemins de 
LE & 4 Tay 


Chap. IV. by the ANTIENTS. 
TEmp. Rom. ſays that the Towns of Bologna, Modena and 


Padua made magnificent Canals at their own Expence, 


and that there were few Towns on both Sides the Po, that 
did not follow their Example. But this Navigation muſt 
have been very imperfect, when they found any great dif- 
| ference between the levels of the Rivers they joined; for 
how could they ſupport the Waters at the neceſſary heigth 
for paſſing Boats without the Aſſiſtance of Sluices which 
the Romans had not a knowledge of; they muſt often have 
laid aſide their Work, after loſing immenſe Time, La- 


1 bour and Money. 


90. Ix the Lear of Rome 6 51, Caius Marius, then Canal of A- 


rius in Pre- 


Conſul, being*ſent into Provence, at the Head of a pow- ene, for the 
erful Ani to defend that Province againſt the Barbarians the Km. 
who came from the North with a deſign to eſtabliſh them- 
ſelves in Italy, this General arrived before the Enemy, and 
reflecting on the difficulty of ſupporting himſelf againſt 
ſuch an innumerable Multitude, ſought a poſition where 
he might diſtreſs them without their being able to come. 
at him. He found none more advantageous than to en- 
trench himſelf in the Iſland of Carmague, below Arles, 
that he might be able to draw Subſiſtance by Sea, up the 
Rhone, ſo that the Enemy could not ſtay there long, with- 
out running the hazard of periſhing for want of Food; 
but finding the difficulty of making the River navigable, 


* 
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he be to dig a Canal to communicate with the Rhone, 
this Canal was called Fofſa-Marianna, and by it the Ro- 
INS man Army received their Proviſions. Marius having to- 
tally deſtroyed the Enemy, perfected this Canal, and car- 
ried it up to join the Rhone again. 
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Tuts Canal, of which there are now no traces, and 
which rendered the Name of Marius fo celebrated in that 
Country, for many Ages, belonged to Marſeilles, which 
enjoyed a great Revenue by it; the General gave it to 
them in recompence of ſome Succours he received from 
them during that War ; but for want of Care it filled up 
in Time, even the Communication from the Lake of Fos 
to the Sea. (Hit. Rom. des R. R. PP. Cartrou and EG 
ue.) 
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Excellent po- 91. Ir was not only in Italy the Romans made Canals, 
| Ws there are few Provinces in their Empire where they have 
\ — dgnot made them; their Generals ſometimes dug them to 
1 4. — =* employ the Soldiers in time of Peace, or for the good of 
4 the Country where they remained a long time quiet. Stra- 
1 | bo, who lived under Auguſtus, and who travelled to dif- 
frame Countries to obſerve the Situations of Places and 
Manners of the People, mentions France, as affording 
more fine Rivers than any other Part, which being made 
navigable by Canals, mw produce the moſt extenſive 


Commerce. 
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Commerce. Can it be imagined that theſe Remarks ſo 
very important, ſhould remain unnoticed, even by the 
French, until the Reign of Lewis XIV. wh joined the 
Mediterranean to the Ocean, by the famous Canal of Lan- 
guedac ; which will do more honour to that Prince than 
all the Trophies the French have erected for him: the 
true and real Glory of Sovereigns being that from whence 
the Subject can draw ſome Advantages. 


| In the Time of Vero, the Romans reſolved to join the 
Sea of Provence to the German Ocean by the help of the 
Rhone and the Rhine. There were at that time two great 
Generals in Gaul, who commanded great Armies, viz. 


Paulinus Pompetus, and Lucius Vetus, who not being wil- 


ling to let the Soldiers be idle, reſolved to employ them 
for the public good. Pomperus finiſhed the Damms which 


Druſus had begun 63 Years before, when being aſſured 


of his Conqueſts, he joined this River, by a broad and 


deep Canal to the Iſer, a River of the United Provinces, 


which diſcharges into the Zuyder-Zee. Vetus, on his 
Side, reſolved to join the Saone and Me/elle, by a Canal, 


ſo that the Roman Armies which might be ſent into Lower 


Germany, might be relieved from the fatigue of ſuch long 


Marches, becauſe they might by that means be conduct- 


ed by Sea into the Rhone and the Same, from thence by 


a Canal into the 142 _— and the Rhine, and arrive freſh. 
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B and compleat to the German Sea. But as Envy is com- 
= monly an Enemy, and obſtruction to the moſt uſeful 

Enterpriſes, Helius-Gracilis, who commanded in Belpic 
Gaul, and who was no friend to 7 etus, envying the Glo- 
ry the latter would obtain by ſo great a Work, employed 
all his Intereſt at the Emperor's Court, to prevent it's 


execution. 


92. Ix England there are the remains of a Canal made 
=ew in Em by the Romans, which joined the River Myne, a little be- 
low Peterborough, with the Fitham three Miles below 
Lincoln; it is now almoſt filled up, but by what remains, 
it ſeems to have been very broad and very deep; there is 
"reaſon to think it was made in the Reign of Domitian, 
becauſe of the Medals of that Emperor which are found 


there. 


- Garlemane 93. Tus Emperor Charlemane, being at Ratiſbon, where 
join the de he made a Bridge over the Danube, propoſed to make a 


| Wine 5 Canal from the Rhine to the Danube, conſequently from 
the Ocean to the Black Sea; ſerving alſo for the River 

Olmutz, which empties itſelf into the Danube and that 

of Reditz, which empties itſelf into the Mein, which falls 

into the Rhine near Mentz. This Prince would have 

finiſhed- this, great Work, had he not been obliged to 


e it, to go and dani the Revolt of the Saxons, and 
| | remedy 


„ 
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remedy ſome Evils which had taken Root in many Parts | 
of his Empire: it is certain that nothing could have more 955 -Y 
commodiouſly fulfilled his vaſt Deſigns than this Com- 


munication. _ 1. | | | 


94. Towanps the End of the third Century, the Em- cu in cd 7 
peror Chi-t-fu having conquered all China, and rendered | 
himſelf Maſter of Weſt Tartary, reſolved to fix his Re- 
ſidence at Pekin, which he found to be the Centre of 
this great State. But the neighbouring Provinces not | 
being ſufficient to furniſh Subſiſtence for his Court and R_ 
numerous Army, he reſolved to make the famous Canal „„ 
of Funlyangho, which croſſes the Empire from North to 1 
South, for the Space of 300 Leagues, joining many Ri- | 
vers from Canton to Pekin : it paſſes for the greateſt Cu- | 
rioſity and Wonder in China, it is the Source of Riches, _ _— 
being conſtantly covered with a multitude of Veſſels and 
Boats ; thus by the help of Rivers and Canals, one may 
travel very conveniently from Pekin to the very extremity 
of the Empire, which is 600 Leagues. | 


Tux principal Canal diſcharges itſelf on both Sides into 

a great number of others, which anſwer for the moſt Part 
of the Towns and Villages, and for the conveniency of 
Travellers and Traffick, the ſmall Canals are again ſub. 
1 2 divided 


= 
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divided into a number of ſmaller, to . the neigh- 
bouring Plains. 


| Arr. the Travellers ſpeak with extacy of the magnt- 
ficence and beauty of the Stone Bridges over the great 
Canal; the Piers are ſo ſlender, by the goodneſs of the 


Materials, that at a diſtance the Arches which are very 
high, appear as if ſuſpended in the Air, and when many 


can be ſeen at once, form the moſt agreeable Proſpect in 
the World: yet theſe ingenious People have not the uſe 
of Locks and Sluices, but by help of Ropes and Pullies, 
draw their Boats up Damms of Maſonry, where there 
is a fall, and which is ſometimes attended with great Dan- 


ger. 
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CHAPTER V. 


Of the moſt celebrated Canals made by the Moderns. 


95. N the RG of Ars the IVch. the * were Canals execu- 


ted in Flan- 


ſenſible of the great Advantages the Dutch and dr: and be- 
Flemungs enjoyed by joining Rivers and Seas by Canals ; zin the he Reign 
for it was not till after . this time the Canal from Bruſſels 
to Antwerp, and ſoon after that magnificent one from 


Oftend to Bruges were made. 


Tux Duke de Kalb, t then Minifter, conceived many 
Projects of this Kind, among the reſt that of joining the 
Seine to the Loire, which was begun ſome Years before 
the Death of the King, afterwards abandoned, and again 
re- undertook and finiſhed by Cardinal Richie. The 
F-4 Sluices 


z 
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Sluices of this Canal which were the firſt made in France, 
to aſcend and deſcend Boats where there was a fall, are 
ſupplied by ſeven ſmall Lakes, which unite at the * Point 
of Partage, ſituated between the Loire and the River 
Loing, but in dry Seaſons theſe Lakes not furniſhing a 


_ ſufficient Quantity of Water for a regular Montane 


they did not reap all the * they expected from 
this Canal. 


Canal «Or. Yer as the junction of the Loire with the Seine was 
of extreme Importance to Paris, Lewis IV. gave the Duke 


of Orleans the Privilege of making another in 1690, un- 
der the Name of the Canal of Orleans, becauſe it meets 
with the Loire a little above Orleans, near the Bridge of 


8 Moines, from thence it runs for about 16 Leagues and 


joins that of Briare near Montargis, ſome time after, the 


Duke of Orleans being Regent of France, during the 


Minority of Lewis IV. and informed that in dry Seaſons 
the River Laing was very low, made a Canal along ſide of 
it, which is in fact a prolongation of the preceding from 
Cepor below Montargis to Moret ; this Canal finiſhed in 
1724, nouriſhed by the Waters of the ſame River, which 
are carefully managed by Sluices, makes the N avigation. 


5 Point of Partage or Point of pe dog, is the Point, or 2 22 from „ ? 
the Waters divide, or run different n 5 
of 
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of the Seine from near ene, at preſent as good as can 


be deſired. 


Is the Year 1 468 Elizabeth Eugenia, Governante of =* 


the Low Countries, made the famous Canal of St. Mary, 
which joins the Rhine and the Meuſe, extending from 


Rhinberg to Yank, in order to tranſport all the merchan- 


dize which comes from Germany into Brabant, and de- 


prive the Dutch of that Trade. Spinola and the Count 


de Bourg who conducted it, foreſeeing that this Canal 
would greatly diſguſt the Enemy, cauſed 24 Redoubts 


to be made, placed at proper diſtances from each other, 


and well guarded, to ſupport the Workmen in caſe they 


ſhould be moleſted. The Prince of Orange attacked them 


ſeveral times, with different Succeſs, but notwithſtanding 
all his Attempts, he could . prevent the Canal from 
being periece: 


Ir would be. too much to attempt a detail of all the 
Toons made in the Low Countries, during the laſt Cen- 
: I ſhall therefore confine myſelf to thoſe executed 
or e e, in France, with a deſign to join the Medi- 
terranean to the Ocean. Some pretend that the Emperor 
Charlemane firſt thought of it, and that Francis I. re- 


ſolved to execute it; but how could they have done it, 


at a time when Locks and Sluices were not known? It 
appears 
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appears that in the Reign of Henry IV. they thought 
ſeriouſly of it, on the Repreſentations ol Cardinal de 22 
euſe, Archbiſhop of Marbonne; in the next Reign Car- 


- dinal Richlieu would have undertaken. it, but for the 


troubles in Languedoc. 


96. Or all the great Works executed by Lewis XIV. 


abend ics, there is none more uſeful, more magnificent, nor that 


does more honour to that Reign than the Canal which 
Joins the two Seas by Languedoc. Boats here paſs from 
Sea to Sea, crofling one part of the Country 600 feet 
higher than the Port they came from, and that with great 
eaſe and ſafety. Altho' the Deſign of fo great an Un- 
dertaking was conceived in the preceding Reigns, M. 
Riguet has not leſs Merit for putting the Succeſs of it 
paſt all doubt, and who M. Colbert, pleaſed at his great 
genius, took into Protection, by which he ſurmounted 
thoſe Obſtacles which perſonal Intereſt too often oppoſes 
to the Publick Good. 4 

Ver this Canal which coſt 14 Millions of Livres, 
perhaps had remained unfiniſhed, if the King, on the 
lively Repreſentations of M. Colbert, had not equally 
ſhared the Expence with the Province of Languedc. This 
Monarch, as a Teſtimony of his Love for Sciences, gave 
the perpetual Revenues of it to M. Riguet and his Heirs 


at 
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at the ſole Charge of keeping it in repair. On the other 


hand the States of Languedoc zealouſly contributed to it, 
ſeeing the Tax they had laid on that Province on that 
account, would be expended amongſt them, and that 
this Tax, which could only laſt a certain time, would 


enrich them more and more, by the Advantages they 
would reap by Trade, added to that of obtaining with 


eaſe, thoſe Things they ſtood moſt in need of; the Event 
has confirmed their Expectations. 


Taz oppoſition which A. Riquet met with from the 


Owners of the Ground thro' which the Canal was to paſs, 


> 


being made known to Colbert, he thought the only way 
to avoid all theſe difficulties, was to engage the King to 
promiſe to indemnify all thoſe who might think them- 
ſelves aggrieved, to which his Majeſty willingly conſent- 
ed and to manifeſt it in the moſt authentick Manner, 
that he took this Canal into his own protection, he bought 


the Ground thro' which it was to paſs, erected it in fief, 


and gave the property to Mr. Riguet and his Heirs as a 
Reward. By this fingular Mark of the King's Bounty, 
we may ſee, he thought he could -not too Pick recom- 
pence the Trouble and Expence AM. Riquet had been at 


In a Project ſo well directed; which may ſerve as a me- 


morable Example to thoſe wh employ their Talents for 
the good of their Country, 


_ His 
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' His. Majeſty appointed Chenalicr de Chairoille, the 

nin able Engineer then in France, Conductor of the 

| Work, and Riguet Contractor-General. To give a mi- 

nute detail of this Canal would fill a large Volume; we 

will here give a general Deſcription of it, ſufficient to 

den ſome Idea of its Magnificence, eſpecially to any 

one who has before him the great 33 of this Canal, 
1 at Paris by Molin. 


—_—  .o I Cone) is divided 10 two principal Parts, 
— 1 o terynning from its point of Partage, which is the moſt ele- 
tage. vated Spot in the Neighbourhood of Caftlenaudari ; the 
one which deſcends towards the Medirrrancan extends 
96,315 French Fathoms to its Mouth in the Lake of 
Thau near Agde, to paſs from thence to Cette; the ſe- 
cond which extends 29,366 F athoms, deſcends from the 
point of Partage to the Ocean, to its Mouth in the Ga- 
ronne, below Toulouſe, ſo that between its two Mouths 
this Canal extends 125,68 1 Fathoms, or 50: French 
Leagues. An exact level of the Ground being taken, it 
was und that the point of Partage was 600 French Feet 
higher than the Lake of Thau, which is on a level with 
the Mediterranean, and 186 French Feet above the mean 
height of the a taken eee below Tou- 


| 1565 
988. To 


* 
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98. To paſs the Boats from Cette to the point of Par- Number oc 
tage, there are 74 Locks of about 8 Feet fall each, andgen Sea to. 
26 from the ſame Point to the Garonne, which is navi- 
gable from Toulouſe to the Ocean ; thus this Canal con- 
tains 100 great Locks: but as This River is very low on 
this Side Meſſac, in dry Seaſons, they found it neceſſary 
to continue the Canal to that place, to render the Navi- 
gation eaſter, becauſe from this junction the Garonne is 
always navigable to the Sea. The only difficulty in mak. 
ing this Canal was the Expence, about one Million of Li- 
vres, for the Ground 1s level, of a good kind, and this 
new Canal might be ſupplied from the Garonne. 


cg. Or theſe 100 Locks, the moſt beautiful are the right Locks 
eight together near Begiers, which form one continued ——__ 
Caſcade of 150 Fathoms long, and 66 French Feet fall, 

divided into eight Falls of eight Feet three Inches in each : 

but what is moſt admired, is that called the Round Sluice, Round Slate. 
which has a circular Lock, common to three Canals, hay- 
ing their particular Sluices anſwering to this ſame Lock, 
to facilitate the paſſage of the Boats to any of theſe Ca- 
nals, at any height of Water. 


Turgz are ſeveral Hills and Mountains in this Space yountain of 
. . | 5 Malpas pierc- 
of 50 Leagues, which this Canal was to croſs, they are ed in form of 
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all cut through except that of Malpas, which being very 
high and rocky, is hollowed in form of a Vault, with a 
foot Bank, four feet . broad, to draw the Bots along ; 
this Work paſſes for as extraordinary _ noble a thing 
as any of the antient Romans. - 


Baſon of New- 100. Tris Canal is 60 Feet broad at top, 30 Feet at 


reuſe. 


made a great Baſon of an octangular form, being 400 


Yards long, 300 broad and 7 Feet deep, its Sides lined 


with Maſonry. This Baſon called NMourouſe, formerly 
received the Waters of the Reſervatory of St. Farriol; 
but being found choaked up 20 Years after it was made, 
M. Vauban thought it beſt for the Boats not to paſs this 
Baſon, becauſe in ſtormy Weather the Waves rendered 
it dangerous: therefore inſtead of cleanſing the Baſon, 
he made a ſmall Canal round the ſouth Side of it, from 
the Sluice of Medecin to that of Montferrand ; this in- 
terval contains a vaſt deal more Water than the Baſon 
did, and at preſent ſerves for the point of Partage; by 
this means the Navigation is quicker, for the two Sluices 
at the Extremities of the Baſon are avoided. 


Deſcription of 10. TEE greateſt difficulty in joining the two Seas, 


the Reſervoir 


= of ® Farriel was thought to be that of finding a ſufficient Quantity 


which receives 


E of Water at the Point of Partage, to ſupply a continual 


* Mountain. © Navi- 


bottom, and 6 Feet deep; at the point of Partage they 


£8 
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Navigation of 50 Leagues, becauſe of the inevitable Loſs, 
by the Gates, the oozing, and the Evaporation: It was 
here that Riguet gave proof of his ſuperior Genius, by 
providing for ſo eſſential an Article, by the Reſervoir of 
St. Farriol, the greateſt Work that has been executed by 
the Moderns. This Reſervoir is made in a Valley, thro' 


which runs the River Laudat, between two Mountains,” 


which are joined by a ſtrong. Bae 741 Yards long, 10 
ſupport a body of Water whoſe ſuperfices is 2, 340, ooo 


ſquare Feet, and 100 Feet depth, which makes above 
1,000,000 of cubic Fathoms of Water. The Waters are : 
collected by a Trench called Rigole de la Montagne, be- 


cauſe it receives many ſmall Rivers and Brooks which come 


from the Black Mountain, and which in another Place 


runs through an Aqueduct 120 Yards long, made for that 
purpoſe under the Hill of Z/camaze. 


Tus Waters of this Reſervoir run out thro' large braſs 
Cocks, which communicate with vaulted Galleries, made 
at the bottom of the Damm, that 1s, 100 Feet below the 


ſurface. Theſe Waters are brought into the old Bed of the 


River Laudat, which conducts them to a Place near Pont 


de Crouſſel, below Revel, where they are received, as alſo 
the little River Sort, into a Trench called Rigole de la 


Plaine, being 8 Leagues long, which conducts them to 
the Baſon of Nourouſe, from whence they fall into the Ca- 
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nal, at . the point of Partage, which 1 is 14 Leagues 
from the Black Mountain. | 


102. In conſtructing this Royal Canal, they inevitably 
croſſed many Rivers and Rivulets : they then thought of 
no other Expedient than to bring them into it, and let 
them overflow again at particular Places, that they might 


always keep a ſufficient depth of Water for the Naviga- 
tion, and ſo far from thinking theſe foreign Waters an 


inconvenience, they were conſidered as proper to ſupply 


what was loſt by Evaporation. At the end of ſome Years 


they found their Error, for the Mud which they brought 


into the Canal increaſed ſo faſt daily, that it would not 


have remained long navigable, had not M. Vauban found 


means to ſeparate theſe foreign Waters from the Canal, 


and to let them in as much as they pleaſed, and when 


they thought proper: this he compleated by back Drains, 
or fide Ditches, and Aqueducts of his own Invention: 


there are 45, which are of two Kinds: the firſt, which 


he calls Agueduct-Bridges, are raiſed on Arches, over 


which paſſes the Canal, that the Rivers which intercept 


A made may continue their courſes below. The moſt beautiful 


there are alſo ſome Sluices in the Canal, in order to drain 
that 


are thoſe of Repude, Ceſſe, Treboul; the 39 others which 


make the ſecond Kind, and which are made Siphon-wiſe, 


paſs from one fide Ditch to the other under the Canal: 


* * 4 
* 25 
-» - | 
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that part, in caſe theſe Siphon-Aqueducts ſhould want 
repairs: thus Vauban had the honour of bringing this 
Canal to perfection. A Canal which all the World ac- 
knowledges to be the greateſt piece of Hydraulic Archi- 
tecture, that ever was undertaken, and which is of infinite 
Conſequence to the fineſt Provinces in France, thro' which 

a great Trade is carried on from Sea to Sea, avoiding 

the great Circuit of the Coaſt of Spain, by the Streights 

of Gibraltar, and which brings in an immenſe Revenue 
only from the Strangers, who thus travel from one part 

of the Country to another. 


he L N 8 | | 
103. Bes1Dss the great Canal there are many others in Number of 


Langledbc, which communicate the Sea to its neighbour- in ect. 
ing Towns: that of Grave is navigable to Montpelier, a OY 
and by the River Zez to the Sea: that of Lunel empties 
itſelf alſo into the Sea; thoſe of © Radelle, Bourgogne and. 
Silveſtal communicate from Aiguemorte on the Rhine to 
the Sea. The Canal of Movella croſſes the Lakes of Sa- 
lees, Palme and Cigucau, from the neighbourhood of Per- 
pignan to Marbonne, from whence it is continued by the. 
River Aude, to within one League of the great Canal. 
Thus theſe different Canals facilitate a Communication 
from the Mouth of the Rhone to Perpignan, and to the: 


Ocean, without running any Riſks by Sea. 
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104. Ir the Canal of Picardy was finiſhed, one may 
Judge by the Rivers and Canals which join it and the 
Provinces it runs thro', what a great Trade it would oc- 
caſion, eſpecially as the King of France by an Edict in 
1724 made it toll free. This Canal is divided into two 
Parts, the firſt which is finiſned joins the Oiſe with the 
Somme ; the ſecond which is not done, and which was 
eſtimated at 2,500,000 Livres was deſigned to make the 


fame River navigable by a Canal from the Village of St. . 


Simon, (which is the point of Partage) to Amiens, be- 


. cauſe from that Town it is navigable to St. Yatlery : the 


levels being taken,. it was found that the point of Par- 
tage was 69 Feet higher than the River Oiſe near Chauny, 


and 100 Feet higher than the River Somme at Amiens. 


Canal prop" 105. THE Canal propoſed in Burgundy to join the Saone 


ſed in Bur gun- 
4. 


with the Nonne, conſequently the Rhone with the Seine, 
and which would open a ſecond Communication from the 
Ocean with the Meatterranean, was a long time eſteem- 
ed the moſt e Work that could be made for 


France. 


_— 


Tais Canal was to have "OY at St. Jean de I Aune 
on the Save, and ended at Brinon, from whence it runs 
into the Tome, which is. in the whole 50 Leagues: the 
point of Partage was fixed at Pouilhy, and it was proved 

that 
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that in moderate dry Seaſons, there would ks ws ter 
enough to paſs 56 Boats in a Day, each Boat carrying 
75 Tons. The Expence of the Eſtimate was 10 Milli- 


ons of Livres: it was alſo proved, that without extraor- 
dinary Fatigue a Boat might paſs from Lyons to Paris, 
which is 225 Miles in 11 Days, and that the Expence 


would not exceed 100 Sols the Quintal, or hundred weight, 
and that the Revenue of this Canal could not be leſs than 
two Millions of Livres per Annum. 
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106. Or all the ese who have endeavoured to Grand Deſgn 


f Peter I. 
poliſh and enrich their Subjects, there is none that more Caaroi Ruſſe? 


juſtly merits the title of Great, than Peter I. Emperor of 
Ruſſia, whoſe Reign was ſo full of Wonders, that it might 
be looked on as fabulous, was it not yet freſh in every 
ones Memory. 


Tas Prince travelled through England, Holland, Ger- 
many and France, to inſtru himſelf in Military Diſci- 
pline, Trade, Navigation and Government ; and having 
by force of Kindneſs engaged many Gentlemen of all 


Nations into his Service, propoſed, in imitation of France, : 


to join the Seas which ſurrounded his Kingdom. 


TEE principal Rivers of Ruſſia are the Dwina, which 
falls into the bite Sea; the Don into the Baltick Sea ; 
and 
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when the Gates were ſhut to Fog: me Water, the whole 


. 
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and the 7/ . into the Caſpian Sea. The Czar thought 
that by joining theſe Rivers by Canals, he ſhould have 
a Communication with all the Seas; and after going him- 
ſelf over moſt of that vaſt Tract, having taken all the 
Levels, reſolved on the Places for the Canals, in a word, 
having minutely plann'd every Thing for ſo great a Pro- 
jet, he begun by the junction of the Wolga with Wol- 
Lava, which empties itlelf into the Lake Ladiga, which 
runs by Peterſbourg into the Baltic“ Sea. In this Man- 
ner it was poſſible to croſs all Ruſſia by Water, which is 

above 800 Leagues from the Baltick to the Caſpian Sea. 
The intention of the Czar was that Peterſbourg by its 
favourable Situation ſhould become a kind of Magazine 
for the Commerce of the whole World, and which would 
certainly have happened, if this Monarch had Kind; he 


dying in W725: 


Mx. Breckall, a German Engineer, bs had been long 


in the Ruſſian Service, where he was eſteemed as a great 


Genius, had the conducting of this Canal, and all the 


Works belonging to it : but it ſoon appeared, that he 
| knew nothing of Hydraulicks, for he traced the Canal 


as injudicially as it was poſſible, and laid the Foundation 
of the firſt Sluice with ſo little Skill and Precaution, that 


blew 


Chap. V. y ide Mopaane. '. _ 1 
blew up; Breckall, to avoid the Puniſhment he juſtly 
deſerved, Haſtened out of 8 8 a. 


Tas 3 being then in England, and e of 

| whit had happened, choſe Mr. John Perry to conduct 
this Work which he had much at heart, and which could 
not have fallen into better Hands, Perry having all the 
Genius and Abilities the other wanted : but when Perry 
arrived in Ruſſia, he found the Miniſtry ſo averſe to this 
Canal, pretending nothing ſhould be done after what had 
happened to Breckall, that he returned to England very 
ill rewarded for his Trouble, if we may believe the Book 
he publiſhed on that Occaſion. | 
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| HIS Chapter is divided into two Sections, the firſt _ 
„„ contains the principal Maxims to be obſerved in 
. tracing Canals; the ſecond, regards the Execution, in or- 
FE der to make the Work ſolid and with the leaſt Expence, 
tze ſeventh and eighth Chapters treat of the Conſtruction 

of Sluices, Locks, Bridges, Aqueducts of every Kind, 
Slopes, &c. and conſequently every Thing OP g the 

Maſons and Carpenters Wen. he. 
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SECTION 


Chap. VI. CANALS: | I23 
„ I. 


H E choice of Glad 3 which a Canal is f Of the choice 
to paſs from one Place to another, is of extreme woſt prope 
Importance, for on this depends the Expence and Solidity is. : 
of the Work ; for Canals cannot like high Roads, be car- 
ried in ftrait F ; there are an infinite number of Dif- 
ficulties to ſurmount. The Country thro' which it is to 
paſs, muſt be moſt exactly ſurvey'd, and levels taken the 
whole Extent, without which no e can be form- 
ed; the Ground ſhould be frequently bored, where the 
Canal is propoſed to be dug, in order to avakt if poſ- 
ſible, all Bogs and Rocks, which exceedingly In the 
Expence. All other Obſervations ſhould be made to 
compare the Advantages and Diſadvantages of the differ- 
ent Routes, that might be taken, in order to fix on that 


which may appear the beſt. 


107. 


Tux Route being once fix d, if any Hills of conſider- 
able height ſhould intervene, the neareſt and beſt way 
round them, ſhould be examined, and particular Maps of 
thoſe Parts made, with Eſtimates of the Expence of car- 
Ving the Canal round, and ee 
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Danger c. 108. GREATER Inconveniencies ſometimes ariſe from 
ed Hi going round Hills, than cutting thro', or piercing them, 
(as the French have done thro' the Mountain of Malpas) 
for in going round them at the Bottom, the Banks are 
aRyays in danger of being torn to Pieces, or a Lock car- 
_ ried away by every ſudden Rain and Thaw coming down 
from the Hill, nor will back Drains and Aqueducts be 
any Safe-guard, if the Hill is hard and ſteep ; and if theſe 
| Accidents do not happen, the Canal will ſoon be choak- 
ed up with the Earth theſe Floods bring with them. 
And if the Canal is carried round, part of the way up 
the Hill, if the Hill hath any conſiderable flope, the out- 
- fide Bank will never be ſtaunch, nor can any dependance 
be had on the Locks, &c. ellos tic Ground; beſides, 
what a vaſt Quantity of Water will be wanted to ſupply 
the Tranſpirations thro' the outſide Bank; and to fink 
the whole breadth of the Canal in the ſolid Ground, 
would be an immenſe Expence, and ſtill liable to the 
20th Dan . 8 


ho 109. 17 1 is 8 ft: to cut a Canal in a Val- 


not be made 
u Vallies fur-| 


between two Mountains, becauſe of the Quantity of 


Water that muſt gather there, and the rapidity it muſt 


flow with, if the Hills are at all ſteep. In conduQting | 


_ great hollows are 8 met with, in which 
Caſe 
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Caſe, the. Banks muſt conſequently be raiſed to the Level, 
and as it were elevated in the Air, (this is called working 
out of Ground) and which is a Defect to be avoided as 
much as poſſible, and is liable to the greateſt Accident, 
as has been obſerved in the Canal of Prcardy ; therefore, 
if poſſible, all Canals ſhould run through firm, ſolid 
Ground, to do otherways, as a faving, is a miſapplied 
Economy, for it often happens in the Caſe before us, 
that a greater Expence 1s incurred by tetching Earth at 
a diſtance, to take the ſhorteſt Cut, than going round 
thele Hollows, therefore this requires Conſideration and 
Judgment; but if there is no avoiding ſuch made Ground, 
the Banks muſt be lined with well tempered Clay, four 
or five Feet thick, from the Bottom to the Surface of the 
Water in time of Floods : all. Banks of ſpongy Earth 
ſhould be treated in the ſame Manner, of which we ſhall 
- hereafter make W Mention. 


110. AT the ſame time that all Care is cio to avoid h ing Ca- 


regard 


theſe Accidents, the ſhorteſt Cut muſt be attended to to muſt ſtill be 
L ? had to the 
leſſen the Expence and the Navigation, and this can on-ſbonet Cut, 


as well as to- 


ly be done by conſidering Circumſtances deliberately onaridinconre- 
the Spot, and. making every minute Remark ; therefore, YM 

in fixing on the Courſe of a Canal, it is beſt to employ 

ſeveral . of 0 and Judgment who ſhould 


report 


\ 
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| report their Obſervations to Gentlemen capable of decid- 
ing any Conteſts that might ariſe. 


* . Canars ſhould not be carried 7 00 Lakes or 
wa undrained Bogs if poſſible, becauſe of the difficulty of 
digging and making the Banks ſolid; the Canal ſhould 
go round the Borders of them if the Expence would not 
be too great, or the Bog ſhould be drained before the 


Canal. 18 dug, but of this more hereaſter. 


Sew! by 112. Wan two Rivers are to be joined by a Canal, 

3 rand one of them is higher than the other, for they are 

Eh very rarely on a level, there 1s no fear of wanting Water, . 
as the higheſt River wilt furniſh ſufficient, and to profit 
of this Advantage which 1s a very great one, all Eminen- 
cies between the Rivers ſhould be cut thro' to the Level, 
provided the Expence would not be very great. Thus 
the French have done in the Canal of Picaray, the River 


Somme being 69 Feet higher than 5 Oiſe. 


Bor if, on the contrary, it "MANA that 1 Ground 
between the two Rivers, (as in the Canal of Languedic 
in France) ſhould be higher than either, the Canal in- 
ſtead of falling from one River to the other, muſt of 
courſe have its point of Partage, or higheſt Lock, between 

the two, falling on each Side towards the ines; ; then 
the 11 85 for this * of * muſt be fixed on; it 


muſt 
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muſt be lower than the Places from whence it is to be 
ſupplied, and all Brooks, Rivulets, and every little run of 
Water muſt be brought into it; it muſt be known whe- 
ther theſe Waters will afford a conſtant Supply for the 


Navigation, (a) making allowances for Tranſpirations, Method of 


) meaſuri ring 


Evaporations and Loſſes through the Sluices, which are what e : 


Water Rt 
never quite ſtaunch, let ever ſo great Care be taken in the ve afford. 


Conſtruction : and for greater Security there ſhould be 
half, or at leaſt a third, more Water than is eſtimated for 
i the 


(a) There are many Ways, fays Dr. Deſaguliers, of meaſuring the Quantity 
of Water ſupplied by Rivers; but one of the eaſieſt, and exact enough for Prac- 
tice, is the following, which I ſhall give without examining into the Theories. 
on which it is built. | 

Obſerve a place where the Banks of a River are ſteep and parallel, ſo as to 
make, as it were a Trough for the Water to run throngh, and by taking the 

Depth acroſs get a true Section of the River: ſtretch a String at right Angles 
over it; and at a ſmall Diſtance from it, another, parallel to the firſt ; — 25 
taking an Apple, Orange, or any Ball, but juſt fo much lighter than Water as 
to ſwim in it, and throw it into the Water above the Strings obſerve when 
it comes under the firſt String, and meaſure the Time it ſpends in coming 
from the firſt to the ſecond String, (by means of an half-ſecond Pendulum, a 
ſtop Watch, or-any other good Inſtrument for meaſuring a ſmall partof Time) 
to give you the Velocity of the Water, (which taken at top is ſufficiently exact) 
then try if the Channel be even, by taking the depths of the Water to find 
its Section; and if this ſecond Section be equal to the firſt all is right; but if 

it be bigger or leſs, add it to the firſt Section, and take half their Sum, for a 
mean Section. This mean Section multiplied by the length run, will give you 
the ſolid Quantity of Water running through that Section in the time, which 
you have been meaſuring, ſuppoſe 10 Seconds: then having reduced your 
| folid of Water to Tons, ſay thus by the Rule * Three; 
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che whole, ſince on this depends the eren of the 


Canal. 


| BESsIDñESC 


If 10 Seconds: give ſo many Tons of Water: : what will 3,600 Seconds 


or one Hour give ? 


The part of a Channel under a Bridge i is 3 beſt for this, 3 


the breadth of the River is equal, and commonly the Channel under the Bridge 


all of a depth, and the Velocity of the Surface of the Water, the mean of 


all other Velocities. 


The Example here, is as I took it, to find the Quantity of Water of the 


Cowley Stream, one of the Branches of the Uxbridge River: which was pro- 


poſed to be brought to London, to ſupply the Deficiency of Water ſo much | 
wanted ſince the Increaſe of the new Buildings. | | 

The Part of the River covered by the Bridge was 10 Feet long. 

The Length of the Bridge, or FIDE Breadth of the our under it, 20 
Feet. 

The Depth of the Water every whore from Side to Side, 3 | Feet, 

The Velocity or Time in which pages and Apples ran the 10 Feet, was 


| 10-Seconds. . 


Multiply 20 Feet breadth of he River, by the Depth of the Water 3 Feet, 
and you will have the Section 60: which again multiplied by 10 Feet, the 
length run will give you 600, the number of cubic Feet in that Solid of 9 85 


ter, which runs thro' the Section taken in 10 Seconds. Then ſay, if 1 


600 : : 3600 : 21600 cubic Feet of Water, which divided by 34568, ah 
cubic Feet ig a Ton, is 6228 Tons per Hour, which that River gives. 
Thus far Dr. Deſaguliers, and if the Velocity in every Part of the fame 


Section of a River was the ſame, it would be an eaſy Matter to find the Quan- 


tity of Water diſcharged by a River or Canal in any given time ; but Expe- 
rience ſhews the contrary ; for at the Sides, or near the Bottom, it will run 


much flower than in the middle of the Stream as being continually retarded 


by friction; in order therefore to find the true Velocity by which the Diſcharge * 
is to be alas: that at the Sides, Middle and near the Bottom, muſt be 
found, then the mean. between main be _ Velocity required, 

7 ie 


* 
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Bzs1ves the Waters of the point of Partage, all little 
Rivers and Runs of Water ſhould be introduced, though 
below the Point ; it is true the upper Locks will not 


profit by this, but the lower ones will be ſupplied, and 
if there ſhould be more Water at any time than neceſſary, 
it muſt be carried off by Diſchargers; but all Land 
Floods ſhould be kept out of the Canal, for they will 
moſt ſurely deſtroy the whole Work in a ſhort Time, 

by the great Quantity of Mud they 4 on the Sides 


and Bottom. 


113. The loſs of Water is generally thought to be e 
equal at the Entrance of every Boat, going up or e oy 
ing down, but this is a Miſtake : the Loſs is greater in — nod fn 


going up than coming down, for the ſame Quantity of. Boat going 
Water that paſſes a Boat thro' one Lock going down, ck was 


much more 


will alſo paſs it through many more, but in going up 4 Water. than 


in comin 


freſh, Supply muſt be had at each Lock, from the point (995% Canal 


and that in 
proportion to 


h 
If for 8 the Velocity i in 5 his middle of a Stream be fuch as to catry 6 


a Body over a Space of 12 Feet in a Minute, near the Bottom 8, and 6 at the 
Sides : then the Sum 26 of theſe three Numbers, divided by 3, ou 85 Feet | 
run thro' by mean Velocity in a Minute. | 
The beſt way of finding the Velocity of a RUE: is, to let an empty Bot- 
tle cork'd, ſwim in it: and to make it go near the Bottom, ſome Water muſt 
be let into it, fo as to be very little ſpecifically heavier. than Water ; and then 
to tie a piece of Cork to it, which will keep it from ſinking, and at the ſame 
time ſhew the Velocity of the Water. 


45 al 
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| < Portage * this muſt be particularly regarded, in 
e the . neceſſary for the Navigation. EG 


2 114. 14 regard to Evaporations, it bas Wen obferiied 
Evaporation. hy careful Experiments in France, that in their common 
| Canals, they loſe about 3 2 Inches of Water perpendicular 
Yearly, and the greateſt Loſs is from April to September. 
It is impoſlible to ſay what may be loſt by Tranſpira- 
tions, as that depends on the Quality of the Earth, which 
ſhould be tried, both wet and dry. There is fas Earth 
which being once wet, will hold Water very well, and 
other Kinds, will never hold a drop, be it ever ſo well 
beatz; if this bad Kind of Earth ſhould be found thro” 
the whole Extent, the Canal ſhould be laid aſide; - for it 
would be too expenſive to line it throughout with Clay. 
There is no judging but on the Spot; it is there Expe- 
riments ſhould be made, as it is of great- Conſequence, 
aud the neighbouring Inhabitants ſhould be conſulted on 
this particular ; Schemes of this Nature ſhould not be 


too 3 page into, as 1 is e the Caſe. 


Alot of 82 115. Ir is found by Experience, that. if it does not 
Rain for two Months, moſt Canals loſe the half of the 
Water; in four Months dry Weather they loſe three- 


fourths, and are than ſo 2 12 as not to raiſe the = NAN 
to 


Chap. VI. | CANALS. 
to its uſual Height for ſome time after confidiratle Rains: 


therefore, if poſſible all Canals ſhould be near Rivers, 


tho the Circuit may be enlarged by it, and conſequently 


the Expence, yet the Navigation being always open, the 


Expence will ſoon be made up by the Tollage of the 
Boats. 702 


Ir we are 1 of this Ae the point of | 


Partage muſt be ſo ſituated as to be ſupplied by Locks, 
Brooks, Springs, and every Channel that can furniſh the 
leaſt Quantity of Water: if there- are Mountains in the 
Neighbourhood, Baſons may be made at the Foot of 


them, to contain all that runs from them, ang theſe will 
Eg: as W in ** Seaſons. 
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1 456 Fun little Tn bes or Ducts of Water, that are Method of 
BA to ſupply theſe Reſervoirs, or to bring Water into Tad 


| | 5 ſupply the 
a Canal, are to have one Inch Fall in 100 Feet, and that poinr'of Par- 


is ſufficient where they run in a ſtrait Line, but where 
they have many turnings, they may have 2 or 3 Inches 
Fall in that length, and not more, for it has been prov'd 
that 3 Inches Fall in 100 Feet, will make the Water run 
at the Rate of 2200 Yards per Hour, or thereabouts ; 
therefore the Poſition of theſe Reſervoirs ſhould be par- 
ticularly attended to; and if Circumſtances were ever ſo 


favourable, it is Rill beſt to have a good Magazine of 
8 Water 


age, or bring 
eg into a a 
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Water, to anſwer any extraordinary Dulcharges through 
the Locks. . | 


— 


San f de. 117. Rain Water is not to be depended on, in eſti- 


Ruh Ch mating the Quantity of Water; there was a remarkable 
of Navigation: Inſtance of this in France. Colbert, Engineer to Lewis 
XIV. intended to ſupply the water Works of Verſailles, 
by the Rain Water that might fall on the Plains of Sa- 
tori, Saels, Trappe, &c. which are at leaſt ſix French 
Leagues ſquare, and to this End, Drains were made, to 
collect the Water into large an made on purpoſe, and 
computing that one Vear with another, the Rain Water 
roſe 18 Inches perpendicular Height, which multiplied by 

6 ſquare Leagues, amounted to 9,420,000 cubic Fathoms 

of Water, he thought it would be ſufficient ; but ſo far 

of from anſwering his Deſign, the King was 3 oblig- 


el 


vet lars been ed to be at the Expence of the famous Machine at Mar- 
conſtructed to 


ſupply the by, to draw the Water from the Seine and the Eure, the 
at Verfall Expence of which might alſo have been ſaved, for Mr. 
De la Hire found by repeated Levels that the Au which 
falls into the Seine at 20 Leagues diſtance from Yer/ailles, 
was higher than the Caſtle of V erſailles, and that at Pon- 
join 75 Leagues above Chartres, it is 110 Feet higher nan 

the higheſt Ground above the Caſtle. 


118. Warn 


Chap. VI CANALS. . 


118. Warn the Water is to be drawn from a River, Method 2 


an exact Level muſt be taken to ſee that the Place it is later from a 
taken up at, be higher than that it is to be brought to, 1 
if not, it muſt be taken further up the River, and if 

that is impracticable, a ſtrong Bank muſt be flung a- croſs 

the River to raiſe the Water to a proper Height, but if 

the River be navigable, a Lock and Sluice muſt be made 

inſtead of the Bank: if there is a Stone Bridge a- croſs 

the River, it may be of Advantage in this ing and 


ſometimes they are made on bannt 


| . is allo Judgment in . che Spot „ a 
Canal ſhould diſcharge into a River, for in wet Seaſons 
the Water may come, in ſuch Abundance, as perhaps to 
make a new Channel for the River, if the ſlope or fall 


of the Ground be greater than the old Bed, as 3 
to the Rhone in 1711. 


i I 19. To prevent 15 4 Lock und geg le be The neceſſity = 
made at the Mouth of the Canal, to keep up the Water 3 
of the River at all times; the Mouth of the Canal ſhould Ca. a | 
alſo be ſo ſituated that it may not be choaked up by hag 


the Mud lodged by the Eddys, occaſioned BY Boats paſ- 
ing in and out. | 


In. 


to paſs. 
2 ” ſhould be added a Section or Profile of the Ground from 


I 34 
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Ir the River is apt to be muddy by Land Floods, a 


Baſon ſhould be cut at the Side of it, and the River let 


into it and out of it by a Trench, before it comes to the 
Canal, by which means great Quantity of the Mud will 


be lodged! in its Paſſage, and clear Water come into the 
Canal. The Trench having a Sluice, the Baſon can be 
cleaned in dry Svafons without  Ropping the Navigation 


0 the Canal. 


_ Obſervations 
to be made on 
ha Map of 


the Country 
thro' which 
the Canal is 


thro' the middle of it, marking the Bottom of the Ca- 
nal, the Soil, Riſings and Hollows of the Ground; from 


hs tate is bye one Trench to bring Water to the 
point of Partage, by means of a Sluice, what Quantity 
may be thought proper, can be let in at a time; if theſe 
Trenches have very little Fall, they muſt be made deep 
and narrow, by which the Water will gain the greater 
i pigs and the leſs can eee | 


120. 1 een 00 Courſe of the Canal ac- 
"cording to the precedin g Conſiderations, a Map ſhould 
be made on a large Scale, that every thing may be re- 

marked on the Paper, the whole Extent: to this Map 


one End of the Canal propoſed to the other, paſſing 
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ch M. ON A 
Locks, back Drains, Aqueducts, Bridges, &c. There 


| ſhould be alſo ſeveral Sections taken acroſs the Canal at 


proper -Diſtances ; to theſe Sections ſhould be added all 
Obſervations taken on the Spot, particularly the different 
Soils, for by this the Expence of digging may be eſti- 
mated : the 1 nature and price of Materials Wale alſo be 


| mentioned. 


- 


: Tur E Map ſhould then be divided' into many Parts, 


each drawn on a large Scale, having ſome remarkable 
Places for its Extremities, ſuch as Rivers, Lakes, Villages, 
Ec. in each of theſe Parts, ſhould be expreſſed the Quan- 
tity of Labour in the Excavation, the nature of the Earth, 


and how it is to be employed, and an eſtimate of the 


Locks, Sluices, &c. theſe being added together in the 
general Map, and the purchaſe of the Ground through 


which the Canal is to paſs, will nearly ſhew the Expence 
af the whole Deſign. To form a rough Eſtimate, it is 


common to double the Expence of the Labour of the 
Excavation, or digging, for the Locks and W Over- 
ſeers, and other contingent Charge. 


SECTION 


35 


vigation. 


3 
; | 


M Ax IMS l eie Chap. VI. 


SECTION I. F i 


ale. in Arbus Canals, ad Methed f * the 
1 . | 


Dimenſions of x 27, FE a Cleats 1s to be . for the Nasigation of 


a Canal of Na- 


Boats of the greateſt Burthen, commonly uſed on 
Rivers it ſhould be at leaſt 6 Feet deep, and the Banks 
2 Feet above the level of the Water, that is 8 Feet, its 
breadth at Bottom ſhould be 36 Feet, and at top 60, 
which allows the inner Slope of the Banks, a Baſe o 


-one 2 50 and half, or 18 "Inches: to a . 


| Ta Banks ſhould be x8 Feet {br on the Cor, 


floping 6 Inches towards the Country ; the top of the 
Bank ſerves as a Road, or Track-way to draw or tow the 


Boats along ; (a) the a Slope, as before obſerved, is 


18 Inches to a Foot height; the outſide Slope a Foot 
to a Foot, that is the Baſe of the Slope is equal to the 
e the (b) Berm A any) ſhould be 9 Feet broad, 


(a) A Barge of 40 Tous r may be awed in ſtagnated Water at the rate of. 
2 Miles 3 Furlongs, Exg/;/þ meaſure, per Hour, by two Men towing from 
the Maſt's-head. And a Barge of 10 Tons may be towed the ſame length, d 


by one Man in the ſame time. | 
(b) The Berm is the horizontal Space at the bottom of the Banks, between 


3 and the fide Drains, £5 
with 
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Vith a Slope equal to twice its height, and the breadth 
of the back Drain is e to the Quantity of 
Earth wanted. 


Bzrort the Banks are begun, the Ground ſhould be 
cleared of all Stumps, Briars, &c. and the Sod ſkinn'd off, 
and the Earth picked up, that the new Earth flung out 
of the Ditch may the better unite with the old, the new 
Earth ſhould be rammed every Foot it Abs: and all 
Clods and Lumps carefully broken, and the 1 705 are 
uſed on the N Pave of the Banks. 


122. As the Ground La hich the Canal paſſes is Method of 


frequently higher on one Side than the other, there muſt Drs and of 


be a back Drain, or fide Ditch next the Hill, or riſing Evi 
Ground, to turn off the land Floods that will run from 
it, ſo that neither the Canal nor-the Country may ſuffer 
by it; this back Drain muſt be made parallel to the 
Bank on the outſide, and ſeparated from it by a Berm, 
broad enough to prevent the Water of the Canal from 
ſoaking through : this back Drain muſt be proportioned 
to the Quantity of Water that may fall from the Hill in 
the wetteſt Seaſon, and to come pretty near to a Calcu- 
lation what this Quantity may be, Vauban has given us 
this Rule : By repeated Experiments, he found that in 
moderate wet Seaſons, there fell on the Surface from 6 
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to 10 Lines perpendicular height, and in the wetteſt Sea- 
ſon from 15 to 18 Lines, or one Inch and half, there- 

fore taking 12 Lines or one Inch as a medium, will give 
3 cubic Feet of Water for every ſquare Fathom, or 4 
ſquare Yards of Ground; as this Experiment was made 


at Lille, it may not ſerve 5 — every Climate: but ſuppoſ- 
ing according to him, the Baſe of a Hill be 60 Fathoms 


long by one broad, that will make 60 ſquare Fathoms 
fuperficies, which av tiplied by g, the Product will be 
180 cubic Feet, for the Quantity that every 6 Feet or 
Fathom running of the back Drain ſhould contain, if 


there is no other way of carrying it off, and if it does 
not run quickly out of the Ditch, the: Section of the 


back Drain ſhould contain at leaſt 30 ſquare F eet ſuper- 
ficies: thus we may partly judge of the breadth and depth 
of theſe back Drains, but great care muſt be taken in 
the Conſtruction of the Banks of the Canal, or they may 


break down and damage the Country. 


123. Wurx a Hill intervenes, thro' which the Canal 


done when muſt paſs, the ſame Slopes muſt be continued to the top 


Canal croſſes 
Eminence. 


as before, and the crown of the Banks muſt have 6 Inch- 
es Slope outwards : the Earth dug out of the Hill muſt 
be employed on both Sides, to prevent the land Waters 


from falling into the Canal. 
Ip 
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Ir it croſſes a high Hill where the Cut will .be Sper 
than ordinary, it muſt be ſloped away from the Crown of 
the Banks to the ſummit, allowing 1: Foot Baſe to 1 Foot 
height, and making it in Retreats like Stairs at every 15 
Feet in height, and the ſpare Earth muſt be thrown at 
leaſt 12 Feet from the upper Edge, for fear of being 
waſhed into the Canal by hard Rains, Plate XXII. fig. 2% XXL. 
4 and 5 repreſent the Plan, Section and Elevation of a Putt 


Canal croſſing a Hill, whoſe Summit X X, is ſuppoſed 
50 Feet high from the Bottom, that is, the Sinking is 50. 
Feet, and in a place where it is neceſſary to make a Bridge, 
for a Communication on both Sides the Canal, if not, 
the Bridge may be left out and the Slopes cut as es 


Tus great Slope, and the Retreats 1 in this Cale, | 
are to prevent the Earth from crumbling and falling into 
the Canal, and are ſufficient for moſt kinds of Earth, 
but where it is very ſtrong and firm, ſuch as hard Marle, | 
or well bedded Gravel 12 Inches baſe, to 1 Foot height 
may be ſufficient, and from 3 to 6 Inches if it be rocky, 
in this laſt Caſe, the Road on each Side may be reduced 
to 12 Feet and the Canal juſt wide enough to let one Boat 
paſs with a Receſs or two, for two Boats to paſs each 


other. | 
P 8 124. In 
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124. Ix Hollows where the Ground is lower than the 


working 
of Ground, or Bottom of the Canal ſhould be, that is, where the Ca- 


3 apwl 
lows ; and the 
- uſe of A 
duQ-Bridges. 


nal muſt be made out of Ground, Earth muſt be firſt 
ae brought to make a Platform to the proper Level, of the 


bottom of the Canal ; this Earth muſt be well RY 

and no Stones, Gravel, Sand, Sods, Roots, or any thing 
that may cauſe unde be left among it; on this 
Platform raiſe the Banks of the Canal, leaving a Berm or 


Retreat, on each Side 12 Feet broad, next the back Drains 


. whence the Earth 1 15 taken. 


Warn the Earth is OE the inſide is lined with Clay 
4 : Mice thick, and when bad 6 Feet thick, the Founda- 
tion of the lining muſt be 1 Foot below the good Ground, 


and 1 Foot above the level of the Water : the Clay muſt 


be well tempered and rammed at every 6 Inches, then 


wetted and carried up at the ſame time the Banks are. 


 Waartever Care may be taken in the Execution of 


this kind of Work, it muſt reſt a long time before the 


Water is let into it; and at laſt it ſhould be done by 
degrees, therefore here and there fling a Bank acroſs, 


with a Sluice in the middle, and then if any part is found 


defective, the Water can be ſtopped by the upper Sluices, 


er elſe the Country might be overflowed ; beſides the: 
* 


Chap. VI. an 


Part is eaſier drained this way, to come at the faulty 
Place. 


Ir the Valley is very low and narrow, and has a River 
running through it, or is ſubje&t to Torrents in rainy 


Seaſons, the beſt way is to carry the Canal over an Aque- 
duct Bridge, which leaves a free Paſſage to the Waters 
below, and particular Attention muſt be taken that it 
does ſo, or the Bridge may be carried away by the Floods. 


Wurx a Canal muſt be carried thro' a Bog or Moraſs 
lower than the bottom of the Canal ſhould be, a Plat- 


form muſt be raiſed as in the former Caſe, but much 
broader, it cannot here be leſs than 50 Yards broad, and 
the Banks raiſed on this Platform ſhould be 10 Yards 
thick at top: the Earth muſt be taken out of the fide 
Ditches, and a Berm of 20 Yards between the Banks 
and the Ditches, as theſe Banks cannot be very ſolid. 


125. Bur the Ground that requires the greateſt. Atten- 


tion to work in and very dangerous to raiſe Banks on, is 
that of wet ſhaking Bogs: there was a remarkable In- 
ſtance of this at Amiens in France, in the Year 1736 :- 


the Soil is Bog, and the River Somme which runs through: 
the Town, was to be cleaned, for which purpoſe the Wa- 
ter was turned oft another way : the Sides of. the River 
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are lined with Quays of Maſonry and Houſes parallel to 
them at a ſmall Diſtance. | 


Tur Bog is We 1 10 Fe eet deeper than the Bed of the 
River, "ig a Trench being made in the middle 5 Feet 
deep and 6 broad, the next Day was found cloſed at top 
to half its breadth, and the Houſes and Quay s had the 
ſame Inclination, * as they ſtill kept moving the In- 
habitants were greatly alarmed, until a Perſon, well ac- 
quainted with the nature of this Soil, ert that the 
Water ſhould be immediately let into the River, which 
was no ſooner done, than the Pores of this ſpongy Earth 
being repleniſned, the Equilibrium v was reſtored, and che 
. did not ſtir afterwards. 


To work in this 1504 of Soil, the Canal muſt be dug 
by Diviſions of about 8 Feet FAM each, leaving a kind 
of Partition of 2 Feet between, running quite acroſs the 


Canal, by way of ſupporters to the Banks, and to reſiſt 
the lateral thruſt ; the Sides of the Partitions being made 


| upright, they are eafily cut out, or waſhed ow when the 
Canal 1 1s carried the whole Extent. | 


cg, of 1 YN Tur moſt periſhable Works are the Banks of a 


ter. "brought to raile a 9 on each wy and if the Bot- 


2 , Canal carried through ſtanding Water; Earth muſt be 


tom 


Chap. VI. D AA 
tom ſhould be of Turf even, and the depth of Water 


ſufficient, it will ſupport the Banks very well, when once 
covered with a Coat of Gravel 3 or 4 Feet thick, pro- 


vided the Foundation be always kept under WW acer If 


the Water ſhould not be deep enough, and 3 or 4 Feet 
muſt be dug out, the Banks may be yet conſtructed with 


little Danger if a Berm of 10 or 12 Feet wide be left 


on each Side, between the Banks and the Canal; if this 
is not ſufficient, the Berm muſt be ſupported by Piles, 


drove into the firm Ground, their Heads quite under 
Ground to keep them from rotting ; if it cannot'be drain- 


ed, the ſame Machines as Drags, Porcupines, &c. are | 


uſed to deepen it as in cleaning Sea-Ports, but never 


drive Piles in a turf Soil after the Work is finiſhed, for 


frequently the Particles being thus diſunited, the Foun- 
dation gives way to the Preſſure, as the Inhabitants of 


boggy Soils daily diſcover. 
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127. Taz Banks of Reſervoirs ought to be more ſolid Conftru8ion | 
0 


and carefully built than others, being of much greater e Were of 


Conſequence, therefore the beſt Earth ſhould be uſed 
without any Sand or Gravel, they ſhould be extremely 
well rammed at every 9 1 they riſe, and carried up 
3 or 4 Feet above the level of the Water: they ſhould 
be 20 Feet thick at top, the outſide Slope 15 Inches 


do a Foot height, and the interior Slope 18 Inches to a 
Foot : 


Maximus in Aer Chap. VI. 


Foot: a Iining of well tempered Clay is carried up at the 


ſame time 6 Feet thick, and. founded ſo low that the 
Water may not ooze under it. 


Warm the Bank of a Reſervoir is not to be more than 


15 or 20 Feet high, and good Earth near at hand, the 


Mork may be well conſtructed, but when it is to be much 
higher, then to diminiſh that prodigious breadth, it ſhould 

have in proportion; it is uſual to build a Wall of Maſon- 
ry on each Side, about one third or half the way up as in 
Fig. 3. Plate XXII. which is a Section of the Bank of 
the Reſervoir of St. Farriol in France, and if the Quality 
of the Earth be indifferent, then a Wall ſhould be made 
in the middle of the Bank alſo, about three Feet thick, 
which is preferable to Clay linings ; this was done at the 
ſame Reſervoir before mentioned, and is alſo expreſſed in 
fig. 3. where H CI, ſhews the FROGS of the Bank and 
the Aqueduct A B to let the Water out. 


CHAPTER 


CHAPT E R VII. 


Of the Conſtruction of Sluices aud 2 far facilitating the 
Navigation of Rivers and Canals. 


128. R. BELIDOR: is the fieſt that gave a ge- 


neral ConftruQton for Sluices, which has been 


wich r by Mr. Muller; we ſhall therefore give 


the Method laid down by the I. 
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As the ſeveral Parts are determined from the width ofor Sue. 


the Sluice and depth of the Water; theſe muſt be firſt 
known: when Sluices are made in a Canal, or navigable 


River, their width will be known from the Size of the 


Veſſels that are to paſs thro' them, as well as the depth 


of Water they require. When they are near the Sea, or 
[2 8 VU | 


__ River 


3 
; 
4 
. 
Pu 


Counſtruction of Chap. VIE 
a River where there is a Tide, and they are to keep up 
the Water at a certain height, their width and depth, are 
alſo determined from the nature of the Situation; and in 
general, the Width and depth of a Sluice is . known 
from its Fn, and the ang it 15 intended for. 


Plate XVIN. * „ Half hi width OC to be divided into 1 


. 
the plan of a 


Juice. 


equal Parts, or the whole into twelve: theſe Parts ſerve 
for a Scale, whereby the Dimenſions of the Work are 


determined: through the Point O, draw the Line AB at 


right Angles to OC; take OB on one Side of the Point 


O, equal to 30 of theſe Parts, or which is the ſame, 


equal to two widths and a quarter : through the Points 


A, B, draw the Lines A R, B 8, at right Angles to A B; 


let the Lines paſſing through the Point C, and paral- 
lel to AB, meet theſe laſt Lines in M, Q; chen if MN, 
PC be taken each equal to nine parts, and each of che 
Lines MR, Qs equal to ſix, the Lines NR and PS 


will be the Wings of the Sluice, and NP the 


OA . one fourth, if a Ds Bridge 1s to be made on 


Body. If the Lines AR, BS, be produced ſo as the 


Parts R V, 8 rh are 5 fix, * will determine the 
Faces. | 


Tus Part BO of = length exceeds the other Part : 


that 


Chop. VID. ens 


that Side, if not, O B, is made no longer than OA: and 
- then the total Length will be four times and a half the 
width, which is eſteemed by M. Belidor the beſt length 
that can be given to a great Sluice. 


To n the Chamber and poſition of the Gates, 


take O D, OL, each equal to four Parts, and draw the 


Lines D G, L , parallel to OC; then if the Lines 
GK, HI, be drawn ſo as to make the Angles D GK; 


L HI, each of 35 Degrees and 16 Minutes, that Poſition 
wall by the beſt that can be given, as has been proved by 


Mr. Muller in the Nat Page 66, 67, of this Treatiſe. | 


The Cavities 25 Jy are a Foot each way in large Sluices, 
and but 9 Inches in middling ones: they ſerve for letting 


down ſquare Timbers to form; a Batardean an Side, 


in e the Gates or Floor want to be repaired. 


Taz Receſſcs G a, H k in the Wall, are avis to re- 
ceive the Gates when open, and are of 25 a depth that 


they may be fluſh with the Wall, and not make. that part 


narrower than the reſt of the Slice, 


Ta cb of the Wall from N to P is equal to * 


0 of the depth of the Water, the Parts R N, P S, 
5 U 2 : 1 three 


12 


* 2 2 
„ 
2 
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three fiſths, and at T, V, two fiftks. The Counterfort 
or Buttreſs W, is determined by producing the Lines L H, 


D G, and projects beyond the Wall: by one fourth of the 
width of the Sluice. | 


Mx. Beliahr makes the thickneſs of the fide Walls of 
his Sluices equat to the depth of Water in the Sluice, in 
order, as he ſays, that they may be fo ſtrong as to refiſt in 
all Accidents that can happen: beſides he adds. Counter- 
forts or Buttrefles on each Side, their length equal to 
the thickneſs of the Wall, and the mean thickneſs five 
eighths of their A 20 


T is certain, an Mr. Muller, that in collec fuch | 
Works as thefe, particular Care ſhould be taken to make 
them ſtrong art durable, yet it ought to be conſidered, 
that by making uſe of more Maſonry than is nceefiairy: 
it increaſes the Expence conſuderably, and all Exceſſes 


- ſhould be xvoided. 


-Mow the proper thicknefs of theſe Walls may be 4. 
termined in the ſame manner as that of thoſe which ſup- 
port Earth, by comparing the ſpecific gravity of Water 
16 that of Stone or Brick: but it muſt be obſerved that 
che triangular Section of Water has its Baſe at the bot- 
tom inſtead of being above, as in the Section of Earth: 


by 


Chap. VII. LOCKS. 
by this Method it will be found, that if the thickneſs of 


a Stone Wall, be four fifths of the depth of the Water, 


as Mr. Muller has made it, it will be able to fapport a 
Preffure four times greater than that of the Water: but 
when the Walls are made of Brick, its thiekneſs muſt be 
made equal to the depth of the Water, in order to have 


the ſame Strength: there is likewiſe the Preſſure of the 


Earth, which helps to ſupport the Wall Ric which its Re- 
ſiſtance is till greater. 


Hexcx it will be found, that the cu of Mafon- 


ry contained in a Sluice, according to Mr. Muwller's Con- 


ſtruction, is to the Quantity according to Mr. Belidor, as 
542 to 723, or as 3 to 4 nearly; therefore, if one fourth 
of the Maſonry can be ſaved, as it appears from what 


Mr. Muller has ſaid, without making the Walls boo weak, 
his Method has en the — of that given by 


Mr. Belidor. 
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f 129. Brrors the draught, or plan of a Lock is made, When the 
point of Par- 


it muſt be determined what number of Boats muſt Pafs ate does not 


furniſh abun-- 


at a time, and this depends on the Quantity and ſupplycnce of Wa- 


ter, the ſize of 


of Water; for large Locks waſte more in proportion, the Lock mutt 
"be regulated 


than ſmall ones, that is, a Lock that will contain TWO by that of the 


largeſt Boat 


large Boats, will waſte more than double the Quantity fuſed i in the 


a Lock that will contain but one, not to mention the 


loſs. 


navigation. 
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loſs of time required to fill the Lock, if one Boat O_ 
N come alone. Therefore, when chars is not ſuch gre 
plenty of Water, the Locks are made to hold but one 
—_— Boat; ſuch is that repreſented in Plate XIII. which with 
its different Parts is laid down ſo exact by Scale, and its 
ſmall Parts enlarged in Plates XIV. and XV. together 
with its upper and lower Sluices, as to require but little 
Explanation; it is taken from one of the Locks on the 


Canal of Picardy in France. 


Excavation of 130. THE Excavation being made agreeable to the 
ea lock length and breadth of the Lock, dig the Foundation two 
Feet lower than the bed of the Canal, above and below 
the Fall, and let this Foundation be forty Feet long and 
thirty-ſix and a half broad, divided into two Parts by the 
Wall of the Fall or Caſcade, founded nt f cet 3 


the bottom of the lower . 1 | 


Brrort the Wall of the Fall is 5 bull, 3 a . of 
dove-tailed Piles V G, nailed to the croſs piece I, to form 
the Caſcade: theſe piles are 12 or 15 Feet long, according 
as "he Ground 1 is hard c or ork 
js Man taken this precaution to ſupport the Earth, 


All the 1125 n fifteen Inches high with rough 
: aaron? 


Chap. VII. LOOX &. 

Maſonry, on which lay a Timber-grate, whoſe Sleepers 
J, C are nine Inches by ten thick, and three Feet diſtant 
from the Centre of one to that of the next; their length 
twenty-five Feet, that they may be W at _ two 
Feet 1 the Walls 


Taz F cabal of ths Wall of the Caſcade is of rough 


Maſonry allo, and eight Feet thick: the lower Part B, is 
alſo filled fifteen Inches with the ſame, on which is laid 4 
ee like the nen 


Alx the Sleepers ar are cut two Inches deep next the Wall 


or Cheek, to receive a Tie-beam H, (fig. 4.) one Foot 
by fix lakes thick, cut in alſo two Inches, and laid 


as the outſide of the Wall is to run, as a, b, c, d, e, f, g, 
h, i, it will thus be raiſed two Inches above the Sleepers tc to 


be lere wore the firſt Floorin 8. 


Wan 1 Timber-grate is greg, the Intervals between 
the Sleepers are filled with rough Maſonry; or Brick on 
Edge, and covered with Mortar and cement one Inch 
thick, on which is laid the firſt Floor of two Inches thick, 


be is to be covered with another of like thickneſs: the | 


Wall of the Fall is next built, the outſide is of cut Stone, 
in which are laid three croſs Beams O, of ten Inches by g, 
and twenty-five Feet long: the firſt is laid level with the 


Floor, ; 


151 


o 

— Se ES 
3 ” 

SS . 
N 


252 


— 


. drove in. 


Confiru8on of Chap. VI. 
Hor, the ſecond i in the middle, and the third at top; on 


theſe croſs Beams are nailed-a double lining Z. af one Ich 


and half chick, which covers the face of the Wall, which 
is carried up diqular from- fifteen Inches below the 
upper F — As the fall of the Water is violent, a 


double Floor is added at the foot of the Wall, whoſe 
Sleepers D axe ſix Inches by twelve, and twenty FRY; 


Feet long, cheſe Sleepers are faſtened to the firſt C, L. by 
large iron Nails with bearded points: the Interval is fil- 


led with Brick and Mortar, and covered with Cement and 


then with double Planks F, two Inches thick : this Floor 


1s on Feet Jong. 


131. In the front of the: Flooring of the upper Sluice 


f to be 
1+ Slope SR (Plate XIV.) is made, laid on a Bed of 
Precautions w Maſonry four Feet thick, and three Feet below the bot- 


| —. tom of the Canal. Its double Planks are pagged to two 


Sleepers nine Inches by ten thick, and thirty-ſix Feet 
long; it has one foot Fall towards the Canal. The front 


of the Slope is ſecured by a Row of dove-tailed Piles 
8G, fix Feet long, the ſame as the Flooring to which 
it unites as T, G: two more Rows of dove-tailed Piles 


are drove in, one at the Foot of the outſide Wall of 


the 1 . renn at the extremity of the Floer- 


. 
e - 


As 
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Ar the back of each Sleeper of the firſt F looring un- 
der the Fall, ſix Piles are drove in at equal Diſtances, 
for the en of the Work, and three at the back of 


each n belonging to the Lock. 


Warn thi Sleepers are levelled by Maſonry in the In- 
tervals, the frame Work for the Sell of the Gates of the 

upper Sluice, is laid on the Wall of the Fall; it is com- 
poſed of the Sell L (fig. 4. Plate XV.) of two hurters Plate XV. 
N-and the Tong M; theſe pieces are well framed 'toge- © © 
ther, and riſe eight Inches above the Floor for the Gates 
to fly againſt. The Sell is twenty-five Feet long and 
twenty Inches ſquare, cut out of the ſolid, the hurters 

N are of the ſame ſcantling : ten Feet eight Inches and a 

half from the middle of the upper Face, are placed the 
Centres of the Pivots or Pintles of the Gates (fig. 2, 3.) 

the lower Part or Box is eleven Inches diameter, and eight 

Inches high, and is let into the Sell: the et. * pros 
jects four Feet eight Inches. | i=} 


Eier Inches below the upper Surface of the hurters 
and middle Piece, is made a Groove of four Inches broad 
and three deep, to receive the Ends of the double Planks - 
TV, of the Floor; behind the Sell, on the remainder of 
the Wall of the Fall, is laid the double Plank Y p, of 
two Inches thick, nailed to the Pieces K, Q laid on the 


X top 
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| top of the Wall, and the other cloſe to the Sell; the Planks 
Project eight Inches beyond the Wall, and have a Fall of 


twelve Inches, fo that the Water 1s th rown clear of the 
Walk." 


Conftrudion 132. Tyne Walls of the Cheeks, or fide Walls of the 


22 Checks Sluice, are raiſed perpendicular, and faced with cut Stone, 
laid in terraſs Mortar to the top. 


Tur Body of thi Walls behind the cut Stone, muſt 

be of good Brick well bonded and laid in the ſame Mor- 
tar, and not of rough Maſonry, as ſome in the Canal of 
Hicardy, fo much boaſted of by the French, where the 
Water oozes thro' the Walls, whenever the Lock is full, 
notwithſtanding the Clay rammed at the Back. The 
Summit of the whole muſt be covered or coped with cut 
Stone 12 Inches thick, and x Inch projection, and of a 
conſiderable Size, and for greater Security ſhould be 
cramped; the reſt of the Coping may be of rough Flaggs, 
ſloping un to throw off the Water. 8 


ALL the Diſs! ſhould be laid as low as the Walls 
of the Sluice, and well bonded and tied in with them, and 
the cut Stones in the front of the Wall of the Fall ſhould = 


be 88 and all 128 * alſo. 


TEE 
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Tus Walls of the Lock are founded as low as the 


bottom of the Canal like thoſe of the Sluices, the Foun- 
dation is carried on the whole length and breadth of the 
Lock, and on it are laid the Sleepers 25 Feet long and 
9 5 by 10 thick, each ſupported by three dove- tail- 
ed Piles: the Sly are 4 Feet diſtant from middle to 
middle, with a ſtep to let in the firſt courſe of cut Stone: 
the Intervals of the Sleepers are filled with rough Ma- 
ſonry to the level of the upper Surface, and then a ſin- 
gle planked Floor of 2 Inches is laid on, cloſe jointed. 


Tux Walls are 3 up „ ee the outſide 
of cut Stone for 5 Feet high, and then continued to the 


top with plain Aſhlars in courſes, except at every 12 Feet, 


a chain of cut Stone, headers and ſtretchers are carried 
up to the top; the Headers 18 Inches and the Stretchers 
25 Feet long: the back of the Wall is lined with Brick 
laid in terraſs Mortar, like the Cheeks of the Sluices, or 


155 


the Water will, (particularly here,) N the Wall by - 


the force of the Fall. 


"To lower Sluice is conſtructed in the ſame manner, 
except that it has no caſcade Wall : the Flooring beyond 
this Sluice is prolonged 36 Feet, the Sleepers are 40 Feet 


X 2 e leon 


: 
1 
5 
41 
+. 
'3 
1 
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Dimenſions | 


and ſcantimg 


Plate XV. fig. 
3» 4 and 6. 
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long, ind 9 by 10 Inches thick, at the ſame Diſtance as 
the other Bleep ers in the Lock, and ſupported by Piles 
6 Feet long; the Intervals are filled with Clay: a fingle 


F looring is laid on this part of 2 Inches thick, and 128 


8 18 called the Fate: F e 


Tue Walls on en Side this falſe Fider' are founded 
like the reſt, and faced with cut Stone, and the Crown 
coped with roagh Flaggs laid in mortar and cement : the 
Extremities fly en in two Wang to | provent the Water | 


Me * 


Tur Gates of the upper Sf are 6 Feet. high 


| of the Gater. ah thoſe of the lower one 1 5, the Fall being here 9 Feet. 


The principal Frame of a Gate conſiſts of two Stiles, that 
next the Wall and to which the Pivots are fixed, is cal- 
led the pivot Poſt, and the other, the chamfiered Stile, N 

being edged off on the inſide, ſo as to make a plain joint 
with the other Gate, the other pieces are Rails, Braces 
and Monions, or ſhort uprights, to form the Wickets: 

theſe Wickets ſhould be placed as near the pivot Poſts as 
poſſible, to lighten the further end of the Gates, and to 
prevent their ſinking, which they will do nevertheleſs, 


efpecially when they are large: this however may be re- 
medied, by placing Braſs-caſters under them at about two 
thirds of their width from the pivot Poſt; but then a 


piece 


Chap. VIE LOCKS. 


piece of Timber muſt be placed upon the Vives, of & 
circular form, for the Caſter to move on. 


(Ti Vprights or Stiles A B are 1 16 Inches by I2, 
the upper and under Tails C, D the ſame: the interme- 
diate ones E, 14 by 12; the e G and the Braces 
F 8 Inches 59 this framing is covered with double 
Planks O, each 2 Inches thick; the whole well framed 
together wah the Pieces A C B D: the Couliſſes T fig. 6: 


are 6 Feet long and 5 Inches ſquare, and are nailed on 
the lining. a 


Tux pivot Stile B, is rounded ſo as to form a ſemi- circle 
of 11 Inches diameter, it exceeds the top of the Sluice 
3 Feet, and is tennon'd into the Ballance H (fig. 3. Plate 
XIII. and XIV.) which goes acroſs to the chamfer'd Stile. 


Tur whole is ſtrengthened by the iron Bars I K, and 
RS, and the Straps PQ, let in fluſh with the Wood 


bolted and rivetted; the Gates, flooring and lining of 


the Caſcade, a are caulked, mY and tarred, as before. 


2 


AS: it is too nice a n to find the proper General ſeant- 
Strength of each Piece for Gates of various widths, indes tur 
ſuch a manner as may be depended upon in practice, we vidthe. 


fhall here give Mr. Belidor's Dimenſions as inſerted in his 
: Works,, 
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v ks, ard which, he ſays, have been taken from thoſe 
m. t approved of in Practice. 


ux pieces of the principal Frame are generally made 
of he ſame Dimenſions, though ſome will have the 
cl uſered Stile leſs than the pivot Poſt, and the Rails to 


e .iniſh gradually: and others ſay, that the Gates ſhould 


i ſtronger below than above, on account that the pref- 


The Ware? jo the 


from the Bottom. 
which are as follow. 
Peet. principal Frame. 
In Sluices from 8 to 12 wide 8 in. by 10 
Do. 13 to 18 $0 Dy. 
Do. 19 to 24 12 by14 
Do. 25 to 30 14 by 16 
Do. 31 to 36 18 by 17 
Do. 37 to 42 16 by 18 
Do. 22 to 48 18 by 20 


| greateſt there ; but as the Gates 
re ſupported below by the Hurters, that diminution ought 


rather to begin at about one third of the height diſtant 


However, we ſhall ſuppoſe the Pieces 


of the principal Frames to be of the ſame e 0k | 


8 

10 
12 
13 
14 


75 


Raik 
6 in. by 8 


by 10 
by 12 
by 13 
by 14 


by 16 


by 18 


a Mon. 


4 in. by 6 
# * by 6 
1 
6 by 8 
7 by e 
7 by 9 
8 by 10 


1 muſt be obſerved, when the Gates are very high, 
the middle Rail is of the fame Dimenſions as the princi- 


Pal Frame. 


Arr 
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All Sluices under 37 Feet wide are covered with two- 
inch thick Planks, and from 37 to 42 Feet wide with 
two Rows of Planks of that thickneſs, in order that the 
Seams of the under Row may be covered by the upper 
one, and from 41 to 48 Feet dB the Planks ſhould be 
two Inches and half thick. | 


Ss, Ir may be delhi that theſe Dimenſions depend on 

the width of the Shuice only : the depth of the Water has 
not been . conſidered ; though it ſhould have been done, 
ſince the greater that depth is, the Preſſure is likewiſe the 
greater, when the reſt is the ſame : conſequently the Di- 


menſions here given muſt be increaſed in great depths, | 


and diminiſhed in ſmall ones. 


os to the 3 and Ah of the Irons in the 


Gates of a Sluice, they ought to be in proportion to the 
largeneſs and weight of the Frame: the principal ones in 


Cnall Sluices are reduced to two Straps, which ſerve to 
bind the upper and under Rails to the pivot Poſt, which 
they embrace on both Sides: they are let into the Wood, 
ſo as to be even with the Surface of the Gate, and faſ- 
tened with five or fix Iron Bolts riveted with Burrs, or 
with Rings and Keys: the length of the Straps ought to 
be about one third of the width of the Gate. Sometimes 


the 
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as chamfered Stile 15 bound to the Rails above and be- 
low, with ſtrait Stra aps like the former, but oftner with 


bent ones. 


Ween the Glens e to a large Sluice which con- 
tains a great depth of Water, the middle Rail is likewiſe 
bound to the pivot Poſt and chamfered Stile by two Straps 
in form of a T, both within and without, bolted toge- 
ther as before; poll when the Gates are very large, two 
Straps are uſed to faſten the upper Rail to the pivot Poſt, 
becauſe the greateſt ſtreſs lies in that part, and to ſecure 
it ſtill more, another Strap is bolted upon the Edge of 
the upper Rail, and bent againſt the pivot Poſt; this 
laſt Strap is of greater Uſe to keep the Gate from fink- 
ing than any other, for which reaſon it is ſeldom omit- 


ted, whether the Gates be ſmall or large. 


| Method of 134. THERE are ſome who prefer Beams for the Floor- 
Foo of ing of the Locks and Sluices, inſtead of double Planks ; 
of dee theſe Beams are 6 Inches by 12, and are laid cloſe to each 
Fans otheras Plate XV. fig. 5. the Edge is raboted as ADE H, 
and HK IO, fo that put together they form a kind of 
Groove EFIK, in which is lodged another Piece P G, 
to cover the joint, and is pegg d down obliquely as P Q, 
PR, theſe Pegs are made as the large one ſhews, where 
the Bottom R, is ſlit to receive the wedge S, which riſes 
in the Pes, as the head P is forced in. 


2, 
* 


135. Waar- 


Clap: Vit. re 161 


135. WHAT EVER precautions or methods are takew'i in Method of 
theſe Timber Floorings of Locks, they are never ſo ſolid, Flog win with 


Stones. 


and ſo laſting as thoſe made of large Stones well joint-New Method 
ed, and whenever a good Quarry is convenient to the Je, 
Show they ſhould be prefered ; but as they are lain in a 
particular manner we have given the Plan and Section 

of the great Sluice at Cherbourg, Plate XVI. fig. 1, 2, fate xvI. f 
and 3, for if they are not courſed in this circular manner 
againſt the Stream, they will looſen, tho' ever ſo well 
cramped ; this Figure alſo ſhews, that behind the Gates, 

to prevent the Stones from being raked by the Bottom, 
they are courſed in Circles from the Pivot as a Centre, 


and which i is alſo the Centre of the Gate. 


-Þb the methods of bedding the Stones of the Floors 
of Canals, Mill Streams, &c. expreſſed in fig. 4 and 55 ig 4, 5. 
ſhould not be thought too expenſive, being about one 
third more than the common way, they ſhould be pre- 
ferred, as they can never be moved from their Beds; the 
Plate is ſo 1 rj as to need no further Explanation, | 


I 36. Tung French always make the Wall of the Fall Dittes ne- 


hods of mak- 
perpendicular, but the Dutch always batter it, and the nette Wall 


of the Fall. 


Engliſh in their modern Locks divide the Fall into Steps 
or Stairs of 14 or 16 Inches high, and as many broad, 


* | but 
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but this method is not ſo firm or laſting, unleſs made cir- 
cular, as Fig. 7. Plate XIII. ſhews, the Stones then can 
never be moved, for the greater the preſſure againſt them, 


the firmer they are, this method is more expenſive than 
the others and requires greater Care to make it ſtaunch, 


but if well executed is Preferable to the other two; the 


The Baſon f is 
= A the Sides of the Lock of Earth, faced with Sods, with 


— 


8 Lock at 1 col is made in this manner. 


Wan the Walls are finiſhed, a Bed of Clay of 5 Feet 


thick is rammed againſt this, all round, beginning as 
low as the Foundation, and —_ 1 Foot above the level 


oe the Water. 
137. 3 the Sluices only are of Maſonry, and 


a Berm, ſupported by dareauiled Piles and croſs Pieces, 
the ſame as the frame work of a Quay of Timber ny 
but as theſe Locks muſt be very broad becauſe of the 


great ſlopes they require above the Berm, they require a 


great Quantity of Water to fill them, beſides a continual 


repair; it is therefore better, and in the end much cheap- 
er, to line the Lock with Maſonry, eſpecially if the Na- 
i be ee. 


Ix the wall of the Fall, Plate XIV. 1s an Example of 


an” 1; 54 , to carry the Water out of one fide 
Drain 


Chap. Il. _ ZO@ CES 

Drain into another; it is an Advantage which ſhould 
be always attended to at the time of conſtructing the 
Lock, becauſe they are more convenient, and leſs expen- 
five, than Aqueducts which paſs under the Bed of the 


Canal, eſpecially when it is lower than the Bottom of 
the ide Drains. 


Many Locks joined together being only a F 


of the preceding, except the Entrance and Outlet, we 


ſhall only add, that where the Foundations are bad, they 


muſt be piled, grated, &c. till it is able to bear the weight 


of the Walls. 
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4 38. Ir it happens that a number of Canals of differ- Many Canale 


ent Levels ſhould terminate at one Lock, as thoſe ofone 
Beziers, Agde, and the Lake, do at the el Lock of 


nx hoo unite at 


— of it. 


the Canal of Languedaec, the Lock muſt have a circular 22 XVIIL 


form, that the Boats may turn about, and if neceſſary a 
lower Lock may be made LM NO. in the great one 
DICK, if the Sluice G I, is much lower than the others 


AC, I EF, that the n one need not be blled to that 


| level. 


"> oy } IE # %.'a . 


Ir the Na 18 e and there be 3 


of Water, the Locks may have an eliptical Form that 


two Boats may lie a- breaſt, to ſhorten the time of the 
1 Paſſage: 
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fig. 1. 
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Plate XVII. Paſſage : this Form is expreſſed in Plate XVII. fig. 1 


which is a plan of a double Lock of this kind in the Ca- 
nal of Languedoc the greateſt. breadth of it, is double 
that of the Sluice, its Entrance and Outlet widens by 
two Wings or Branches IL, K M, to regain the breadth 
of the Canal, and to e the reſt of the Work from 
the Water. There are Stairs O to aſcend and deſcend 
conveniently, agreeable to each Fall, which is 8 Feet: 
the Cheeks of the Sluices have Aqueducts N thro' them 


to empty or fill each Lock, there being no Wickets in 


Deſcripticin of | 
the Lock be- 
tween {pres 


and Furnes. 
Plate XVII. 
fig. 2, 3, 4 


the Gates; the ſide Walls of this Lock have a Slope or 


Batter: and in this manner may any number of Locks 


be br EA . 


1309. Tur gueſt Lock 3 in ee 1s that of FERN 
ſituated between pres and Furnes, one league and quar- 
ter e the” w_ it is 1 20 ae Tong Bonk toro to Fr and 


bei cigh of the « Canal of f Joes above th at of Furnes. 


Acebini d to the common bed of 1collfffutiing 
Locks, there ſhould have been two here to this Fall ; yet 
the celebrated Dubie who built this in 1643, has mile 
but one; fo that the Gates X, of the lower Sluice, ſup- . 


f por, 20 Feet depth ow: TOW wa upper Canal having 


7 Feet, 


Chip, VEL EZ0:0.KS 
7 Feet, and 13 from DF, which Hopes to ES S with a 


fall of 6 Feet, that the Caſcade may be reduced to 1 4 
inſtead of 20. The Caſcade is alſo divided into two 


SY and R, the firſt of 10 Feet and the laſt of 4, to make 
room for a Talon Gate T, to ſupply the Defects of the 


firſt V, in caſe any Accidetit ſhould happen. 


1 F 10. 3. repreſents the manner of its clio firſt 


a Bed of Tapis or Grout, and then Brick-work laid in 


terraſs Mortar, two Feet high throughout the whole Space; 


two Rows of dove-tailed Piles Z, are drove in at the 
Extremities, and well jointed at the Mouths of the Sluices 
to prevent the Water filtring under this Foundation, on 
which 1s laid a Timber Grate, as is repreſented in one Di- 
viſion of the Plan: the Intervals filled with Bricks and 


terraſs Mortar, to the level of the upper Surface of the 


Sleepers, on which is laid a double planked Floor : over 


the Wall of the Fall or Caſcade, RVS is another Tim- 
ber Grate, and planked R V, S E, to which is fixed the 
Sell of the Gates T, V. The e are without Wic- 
kets, the Aqueducts IK M, and OP Q, being made on 
each Side the Lock. 


Tux ſide Walls of the Lock are magnificently built of 
cut Stone, and lined with Brick and terraſs Mortar : the 

Screws P K and the Cabeſtanes A to open and ſhut the. 
Gates 
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Gates are repreſented ſo plain in the Plate, as to need no 
further Deſcription: the Screws P, K, are covered with 
Bonnets made of iron Plates, to protect them from the 
Injuries of the Weather; at the ſummit of the Gates is 
a Plank and hand Rail, for the Sluicer to paſs over; the 


Piles CE, D F, een the Branches at the Extremity 


of the upper Canal, in order to prolong the Floor S E, 
from the Gates V, which was not done till after the Lick 


was hniſhed. 


TEE difference of the Levels of theſe Canals is occa- 


| fioned by a Hill, which is here of great uſe, for at the 
foot of it, are two Reſervoirs, one on each Side the up- 


per Sluice, and without this Aſſiſtance the Canal of pres 


could not have been ſupplied with a third part of the Wa- 


ter, requiſite for the Navigation; L, B, ſhew the Aque- 
qucts Lada from theſe Reſervoirs into the Lock, and 
the Paſſage M, lets the Water into the Lock Goat the 
upper Canal, by ſhutting down the Vann or Shutter L, 
as well as that of the Reſervoir. Fig. 2. is a Section a- 


croſs AB of the Plan, ſhewing the two Aqueducts. 


General pre- 


140. Ir may not be amiſs at the concluſion of this 


"FR — con- Chapter, to add, that the Canal ſhould be dug the whole : 


ſtruction of 
Locks. 


length, before the Foundation of the Locks are laid, that 


the Water may run off, or ſome other means uſed to carry 
| it 


Chap. VII. LOCKS. 9 167 
it off from the Parts where the Locks are to be made, 
and the better to drain the Foundations of the Locks, 
Trenches are cut in the middle of the Bottom of the Ca- 
nal, as deep as the F oundation ; and this precaution muſt 
be particularly attended to, to make the Work ſolid and 
durable. 
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C HAP T E R VII. 


Of Aqueduds paſſing under the Beds of Canals. 07 Di if 
chargers and Receivers. Of Aquedu@-Bridges for car- 
Ding Canals over Rivers. Of Draw-B * and turn- 
ing 5 42 * Fanal, 


Precautions in 1.4. 1. HEN a Canal is to pals through a Country 
auc ger | croſs- cut by a River, it muſt be obſerved how 
and Siphon 


Aqueduas, high the Water riſes in time of Floods, in order, if poſ- 
ſible, to let it paſs under the Bed of the Canal, and yet 
have a ſufficient Declivity to run off; the ſame muſt be 
obſerved in regard to land Floods ariſing from Rains and 
Thaws, which led into a fide Ditch on the upper Side of 

the Canal, may from thence be carried off to the other 

Side 


Chap. VII. for C A N A L*& 
Side under the Bed of the Canal by Aqueducts, for theſe 


Waters, as has been already often obſerv'd, ſhould never, 


if poſhble, be let into the Canal : it halted much Judg- 


ment in making and placing theſe Aqueducts, and to 
conſtruct them of a proper Size to carry off the Water; 
if it is not convenient to make one Paſſage large enough, 


there muſt be two or more, but they muſt be ſo con- 


ſtructed as to be eaſily cleaned : but if the fide Drains 
ſhould be nearly on a level with the Canal, as in fig. 6. 


Plate XXII, the Siphon Aqueduct L MN 0, muſt not 9 XIII | 


made, but they Water let into the Canal at CDE F og 
and out at the Diſcharger QT K C, if the Side AC bl 


any thing higher than the Side CB, or elſe the Aqueduct 


muſt be made in the Wall of the Fall in the neareſt Lock 
as in Plate XIV. and as M. Vauban made many of theſe 
Aqueducts in the Canal of Languedbc, to carry off the 


| | forevgn, W we have ſhewn one in Plate XVIII. 
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142. Fis. 1. and 5. "I that thi n 8 XVII. 
hg. 1,2, 34s 


higher than the Outlet, a Ceſs-pool DE GR, is made, a4 | 


lined with Maſonry, into which the Waters of the fide 


Drain are led, to paſs in the Aqueduct F I H, under the 
1 Canal PS Z. The height of the Aqueduct is 5 Feet, 
the bottom Concave as fig. 4. to Prevent the Mud from 
lodging and that it may be depoſited in the Ceſs- pool 
E G, or A B C, the Entrance F is raiſed 6 Feet from the 
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ail Bottom, and the Aqueduct falls from F to H, where 
there is another Ceſs- pool HI KL, and that the Water 
ruſhing thro' the Shutter M, wihe the Canal is drained 
on occaſion, may not tear up the Flooring at Bottom, 
the Wall K L is made ſloping, and covered with cut Stone 
well joggled and bedded : theſe Cefs-pools are cleaned 
now and then, that the Mud may not riſe above 5 


— = „ — > - 
— 1 RET DU AS nn - —_ Fa _ 4 


4 
5 
I 
F 
: 
4 


As Figures. 2, 3. hewi the Entrance and Outlet ſuf- 
ficiently plain by the correſponding Letters of the Plan 
and profile, there needs no further Explanation ; the fide 
Walls Z X, ſefve for an Abutment of a Bridge O, to 
paſs over the Cefs-pool; and in order to prevent the 
Earth of the Bank R W, falling into the Canal, there is 
a little Wall P, run pit; 1, 4 and 5; the Aqueduct is 
covered with a Coat of Cement 8, to keep the Water of 
the Canal from filtring —_— without this it would 
ſoon be ruined. 


Tur Bottoms of  Cefs-pools are ſometimes on a level 
with that of the Aqueducts, and paved with large Stones, 
but this is not ſo good a Method as the preceding: when 

the Stones of which Aqueducts are built are ſoft and po- 
rtous, the Bottom is planked, caulked, and tarr'd as the 
8 e of en 


143. Tar 


Chap. VI. for. C 4 * 4 L 8. - 


143. Tus Difficulties frequently met with, in makings Aquedudty of 
Aqueducts of Maſonry under the Beds of Rivers and 5 
nals, have obliged us to have recourſe to thoſe of Wood: 
they are made of large Trees (with the Bark on,) of 18 
Inches diameter at leaſt, ſtrait and without any defect: 
they are ſawed into two long ways, to be 3 hollow, 
the whole length in the middle 5 Inches deep and 10 
Inches wide, ſo that the two Pieces being joined together 
again, bolted at every 4 Feet, then caulked and tarred, 
they form a Paſſage of 10 Inches ſquare, the Ends of one 
Pipe is then joined to another, and the Joint caulked, 
tarred, and covered with led, nailed down very cloſe : 
in laying down theſe Pipes care muſt be taken to reſt the 
Joints on beam Ends. The Mouth of the Ceſs-pool for 
| theſe kinds of Aqueducts is covered with an Iron Grate, 
the Barrs 2 2 aſunder, let into a Stone Frame, ſur- 
rounded with dove-tailed Piles. | 5 


144. WHERE Nin Brooks, or any foreign Waters \ Diſchargers to 
let ſuperfluous 


empty themſelves into Canals, Diſchargers muſt be made waters out of 
to. let out the ſuperfluous Waters. the C 


Fre.1, 3 and 6 of Plate XIX. repreſent the Sefion, g. 
Elevation and Plan of a 1 ſuppoſed hers, about 
15 Feet wide. 


2 e 
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Conftruftion 
of Diſchar- 
gers. 


| Aaprbucrs ond BaIDOES Chap. VII. | 


[To confruds 1 the Sides of the Banks are "i 
ported by Walls AFGB, fig. 1. of a thickneſs propor- 
tioned to the height, baniled together by another M K L 
D, raiſed as high above the level of the Canal HC as 


neceſfary 1 to ſupport the Water, (nay 5 F ny 


Plate XIX. 
e 


Tars Wall, of which LD, fig. 3. have the outſide 
Face, is ed with cut Stone; with a projection to throw 
the Water on the Floor D E, terminated by a Row of 
dove-tailed Piles N; the Planks are nailed as uſual on the 
Sleepers O, 4 Feet diſtant from each other, on which is 
laid the Tie-beam R, upon which the outſide Face of the 
Wall is carried up (hg. 6.) from the Foundation AB: a 
Groove I, is made in the fide Wall (fig. 1, 6.) to lodge 
one or two Beams, to raiſe the Water higher on any par- 
ticular Occaſion. A Bridge is made over the Diſcharger 
to continue the Track-way; it is compoſed of 4 long 
Pieces of 9 Inches by 10, on which are nailed the Planks. 


9 Feet long, and 3 Inches thick. 


145. Receivers or Slaices wich Shutters to let Water: 
into a Canal, are repreſented on the ſame Plate: the Floor 
AD is level with the Bottom of the fide Drain: the Tra- 
pezium DX VA, ſhews the cut made in the Berm X V, 


to lead the Water into the Canal : the Section EF GHK1, 
Thews: 


Chap. VIII. fir CANALS. 
 ſhews one of the Walls ſupporting the Bank, (and the 


fame Letters in fig. 4. ſhew the Plan.) N is the Wall of 
the Caſcade, its Bottom on a level with that of the Ca- 


nal. 


Tas Sluice is divided into three Paſſages by the Piers 


LM (fig. 5.) raiſed on the Wall of the Caſcade, each 
_ Paſſage has a Shutter OP P, with a ſmall Bridge S (fig. 2.) 


to open them : Figures 2, 4, 5 and 7, ſhew the interior 
and exterior Elevation, together with the Plan and Secti- 


on in ſo intelligent a Manner, that no further g "ape 
can be deſired. | | 
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146. Wien Rivers are below the Bed of the Canal 3 


muſt be carried over them by Aqueduct-Bridges, W 
which the Rivers paſs: there are many of this Kind in the 


Bridges. 


Canal of Languedoc, and we here give a _ Section Plate XX. 


and. nne of that at Wa in Flate XX. 


In this Caſe 0 denden the W NEUE 
the two Abutments according to the Quantity of Water 
that is to paſs in the greateſt Floods, and the number of 
Arches being calculated ſo that the number of Piers be 
not multiplied without neceſſity, for fear of diminiſhing: 
the Paſſage of the Water, by Friction againſt the Sides, 
mn e having taken all neceſſary Precautions, bath in 
reſpect: 
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5 Adu ED uc 8 aud B RI DG E 8 Chap. VIII. 
reſpect to the level of the Canal, | and the height. of 8 


Arches, then the Parts between the Arches are filled with 


good Maſonry, and a Bed of Cement laid over, to pre- 
vent the Canal oozing thro' the Arches, which would de- 


IP the oe in a ſhort time. 


Tun breadth of the 3 18 to rv 3 1 
that of the largeſt Veſſel uſed in the Navigation; this 
we are ſpeaking of is 36 Feet wide; there muſt be two 
Paſſages QR, O P, for the Horſes to paſs which draw 
the Veſſels, each 8 6 Feet wide, clear of the Para- 
pet B, which 1 is here raiſed only on one Side. 2 


Tus Slope LK from a Road, has its Baſe 1 to 


its height, and the Wall QN M, is carried round the 
ſame height and founded by Retreats up the Hill, that 
the Floods may not penetrate round the Piers: "Ii 3. is 


the Plan; S T V is the Foundation of the Walls I K H, 


which unite the Aqueduct with the Canal; the Spaces 


E F, are filled with good Earth rammed, the Walls be- 
ing firſt lined with Clay, that the Water may not pene- 


tte helbad M; this muſt be carefully attended to in 


theſe Works. 


: 147- Warn Canals croſs 2 Roads 3 are com- 
monly Stone Bridges built over them of one Arch, the 
Span 


Chap. VIII. ir CANALS. 


Span equal to the breadth of the Locks, which ſeldom | 


exceed 20 Feet in the common Canals ; the height of 


the Arch muſt be ſufficient to let the Boats through: as 


theſe Bridges are conſtructed in the fame manner all other 
Stone Bridges are, on which Subje& ſo many able Archi- 
tes have employed their Pens, we ſhall pals them by in 


filence, only obſerving that if the Road can be brought 
to a Lock, the Cheeks of the Sluice may ſerve for Abut- 


ments, 45 a gn part of the Expence be ſaved. 
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TE Bridge of four Branches Aae to the ifnter- Bridge of thi 
ſection of the Canals of Ardres and Calais being a Cu- lar XX. 


rioſity, we have here given a Plate of it: it was Jeligned 
by Mr. Barbier, a French Engineer in 1747, and execut- 


Ein 1750. 


148. Ir the Canal croſs a i Row; the Bridge + is D 
commonly made of Wood, and they are either made to Bridges 


raw Bridges | 
and turning 


Plate XXIII. 


draw up, or turn round; theſe Bridges are alſo frequently ad XXIV. 


made over Canals in frond Places for opening a Com- 


munication with the Country. Plates XXIII. and * 


thew three different Kinds of theſe Bridges. 


o — + um 


When the Paſſage does not 3 24 Feet, the Bridge 


is made of one Part only as fig. 4. Plate XXIV. or fig. 3. 


there 


— 
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there are many of the latter on the Canal between Bruſe 
* and fenen 1 


— 


| Bot en the Paſſage « cool 24 | Fer cet 0 are made 
in two Parts, and as that at the Sluice of Cherbourg, which 
is 48 Feet wide may ſerve as a model to others of leſs 
Dimenſions, we ſhall here give a Plan, Section and Ele- 
er- xx. vation of it in Plate XXIII. nen fig. 10 "repreſents . 
18 "TY View of it. MT: Go ' 


2 „ Ec half of the Bridge i is 42 Feet Jap; ted 
oy. five tie Beams A 40 Feet long, the end next the 
Butment F is 9 Inches by 18, and the ſmall End next the 
Joint B, 7 Inches by 14, tennon'd into the Pieces F . 
the Piece F 24 Inches by 26 thick, and B 1 5 by 20. 


: 2 25 wy  Unper W tie . are the ſupporting Bracks BB, 
(fig. 2.) of 18 Inches by 15, and the bearing Beams AB 

12 Inches 10 45 all framed 1 58 | 
Tux End neut the Aber t is laid on four croſs 

Pieces fig. 4. the two firſt C of 16 Inches by 3o, are 
joined together by Iron Rings A B, and incloſe the a 


Dol che Pivot P, by. 11 


Ter 


Chap. VIII. jr CANALS. 


Tax are braced together by the circular Piece E of 


8 Inches by 9, and 10 Feet diameter, to which are ap- 
plied at equal Diſtances 8 Rollers R, which ſupport the 
Bridge when it opens or ſhuts, and that it may balance 
exactly, they run on an Iron circular Plate let into the 

top of the Abutment Z.: the other two croſs: Pieces DD 


of 14 Inches by 24, which encloſe the Circle, are bound 
with Iron at I, and brace the whole together. The Pi- 
vot is 16 . diſtant from the end F, conſequently 26 


Feet from B, which puts it nearly on a Balance, I ſay 
nearly, TIME it is impoſſible to bring a Work of this 
Nature to an exact Balance, but by additional Weights 
on one Side or to I when finiſhed. 


"Fi End F runs in a Groove of cut Stone fig. 2. and 


haas ſix friction Rollers 8, T, three above and three below, 
they play on a Braſs Quadrant V.. let into the e 


Groove. 


— 


Inches ſquare tenon'd into B and F, and the intermediate: 


. Uprights I, 6 by 7: the head Piece K is 9 Inches by 7, 


and the Rails L 3 Inches ſquare, placed lozenge-ways : the 
hand Rail has alſo the Braces G, hg. 3. which are lined 


with a Plate of 9 by continuing one of W; theſe: 


'E 855 hand Rail is compoſed of the Uprights H. 95 


hs 


9 
Des 
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fig. 1. 


Method of 


deſcribing 
. — 


— 


AqQuepucTs and Brits Chap. VIII. 


Plates O defend the Bridge from the Wheels of Car- 
riages, and to preſerve them in the middle, khey are co- 
vered with Elm Planks E, of 2 Inches thick, 


Tur dell Pieces B tooth into one der as in 
fig. 2. is ſhewn, and that they may not rub one againſt 
the other, they are not Jeſcribed on the ſame dale as 


Plate XXIV. the _ as fig T. Plate XXIV. "will explain. | 


hike 7 os this TC 8 55 the 
breadeh of the Bridge, fo that it paſſes thro' the Centre 
© of the Pivot of the half DE BR: take the Point H 
12 Inches above the Point A and the Point 13 Inches 


below the ſame Centre: deſcribe the Arc DV K with 


the Interval H D, and with the Interval I R on I, as a | 
Centre, deſcribe the Arc BR, anſwering to half the 
breadth of the Bridge, the Centre S of the Arc O YN 


is found in the ſame manner: then from the Centres AM 


deſcribe the Arcs K E, OP, with the Radii AK and 


MO: which finiſh the Outlines of the Grooves DKE, 
NO P. | 


Wirte the Bridge is opening the half DK BR, mor- 


ing in the Direction D V, by a power applied at D, turn- 


ing on its Pivot A, the part DK will go towards E, and 
the Point B will e towards C, without any friction 
againſt 


Chap. VIII. for C AN AL S. 179 
againſt QC, for it flies off from it more and more, as 
the Radius AB is leſs than the Interval A C. 


Tux force of one Man is ſufficient to move each Side, 
when they are properly conſtructed, having friction Wheels 
in the Circles deſcribed by the Parts next the Pivots and 
Abutments. 
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